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SUMMARY 
This dissertation discussed attempts of the U. S„ Department of 
Agriculture to measure the net benefits from drainage in a multiple- v 
function drainage and flood control project. The primary objective 
O 
was to test the adequacy of Department procedures in the light of 
economic theory and within an economic framework appropriate for 
evaluation of watershed and river basin development projects. The 
0 
study was confined to an analysis of drainage benefits in the Boeuf-
Tensas-Macon Sub-basin in the Lower Mississippi River Basin. Data 
pertaining to drainage benefits in this sub-basin were obtained from, 
reports submitted to the Corps of Engineers, U. S, Army, by the 
O 
Department of Agriculture. 
Major hypotheses guiding the research were: (l) To obtain a 
reliable overall evaluation of watershed development projects, each 
0 
function must be evaluated with respect to the same objectives or 
goals; and (2) net benefits of drainage will be inaccurately esti­
mated if net farm incomes with and without a drainage project are not 
measured under the same assumptions concerning efficiency of resource 
use and profit maximization. Testing the first hypothesis required 
the formulation of an economic framework that would adequately 
accommodate both the public and private points of view. The assumptions 
and procedures used by the Department of Agriculture to evaluate net 
drainage benefits accruing to the private sector were then examined 
within this framework to determine whether they were consistent with 
iv 
o 
o 
the goal of maximizing net benefits to society. The second hypothesis 
was tested by checking, using linear programming techniques, to deter-
e 
mine whether the procedures used by the Department were based on 
assumptions of efficiency of resource use and profit maximisation» 
A scrutiny of assumptions and procedures used by the Department of 
Agriculture within the foregoing economic framework showed that un­
economic results would obtain in some cases. These uneconomic results, 
as they pertained to economic losses on^ some land classes from woodland 
conversions, or to negative net returns for some crops on specific land 
classes, prevented the maximization of profits that was established as 
a necessary criterion for benefit measurement. These economic losses 
indicated that the assumptions and procedures used by the Department 
would require some modification for an accurate appraisal of benefits 
from drainage, 
Linear programming suggested the possibility that net benefits 
from drainage were not maximized in the evaluation made by the Depart­
ment, principally because the Department's assumptions and procedures 
did not conform to criteria established for an adequate benefit 
% 
appraisal. This study showed a significant difference in estimated 
net agricultural income (either with or without a drainage project) 
C 
between the budget method used by the Department and linear programming. 
The two methods of analysis also resulted in significant differences in 
production programs either with or without a project. The same input-
output coefficients and prices used by the Department were used in the 
linear programming analysis. Comparison of the two prograns showed that 
V 
the Department's program v&thout the project gave a net return»of about 
$2,61*9 less than that hypothetical!/ obtained by linear programming on 
land classes 1 and IS in reach T-2 of the Tensas River. The difference 
in net income obtained by the Lwo methods averaged about #1.56 annually 
per acre of total land within both classes. o 
o 
A similar comparison was made of production programs with a drain­
age project installed. This comparison showed that the Department's esti­
mated program yielded a maximum net return of about $2U,1*90 per year less 
than that hypothetically obtained through linear programming. The differ-
O -
ence in net income amounted to about $2.89 per acre of total land within 
the two land classes in the sample area studied. Land, cash and labor 
were the limitational resources used in,the linear programming analysis. ° ^ 
The production program formulated by linear programming for the without-
project condition used $5*237 less cash and 3,697 hours less of total 
labor than required by the program formulated by the Department of 
Agriculture. For the with-project condition, the program derived by 
linear programming required $66,902 less cash and 1*0,729 hours less 
O O 
of total labor „than the program formulated by the Department. 0 
The difference in discounted annual net benefits per acre of open 
land used for cash crops between linear programming and budgeting as 
used by the Department was Sl.OU. Comparison of the two methods for 
determining discounted annual net benefits per acre of woodland con­
verted to open landccash crops showed a difference of $2.28 per acre. 
vi 
The total difference in discounted aiyrual ne£ benefits from 0 " 
a o 
drainage of land classes 1 and IS in°reach T-2 of the Tensas River 
estimated by the two methods was $17,21*0. Of this amount, $1,71*7 was 
from land that was estimated to be used for open land cash crops both 
with and without the project, and $15,1*93 was from land estimated to be 
in woods without the project but used for open land cash crops with the 
o 
project. » 
The difference in discounted annual net benefits might be explained 
by the fact that the budget method used by the Department was predicated 
on an assumption of the cropping pattern followed on each land class. 
a ® 
As a result, the quantities of resources required were extrapolated 
from the assumed cropping pattern. If the budgeting had begun with 
an estimate of the amounts of each of the resources available, relative 
input requirements and relative prices would have indicated the® cropping 
pattern making the most efficient use of resources available for pro­
duction. 
Confining the linear programming analysis to three limitational 
e 
^resources for each land class may have stated the problem too narrowly. 
Labor was found to be a non-restricting resource. If labor had been 
broken down into seasonal6supplies, for example, the results of the 
o 
two forms of analysis might have been more nearly comparable. Sig­
nificant differences in net income observed, however, raise some 
question whether the procu ores used by the Department were adequate 
for an accurate appraisal of net benefits. 
© 
o 
vii 
The procedures used by the Department in making its drainage 
benefit analysis indicated an economic reorganisation of the watershed 
firm that would require increased quantities of capital and labor 
resources. The Department assumed that these increased quantities 
would be available. Because net benefits as estimated by the Depart­
ment were dependent on the additional quantities of resources actually 
being available, anything less than the full additional requirement of 
any resource would make the Department's production program infeasible. 
A supplemental linear programming analysis was also made, one 
directed toward determining the effect on net benefits if the assumed 
quantities of labor and cash resources were reduced by 25 percent. 
The second analysis showed that when the quantities of labor and cash 
assumed by the Department to be available were reduced by 25 percent, 
net income would be reduced by lit percent without the project and by 
about 3 percent with the project. It was found that cash was a 
limiting resource for both the with-project and without-project 
conditions. Because of a deficit of cash, 200 acres of land out of 
O 
a total of 1,680 acres would be left idle without the project, and 
182 acres out of a total of 8,U75 would be left idle with the project. 
c 
e 
INTRODUCTION 
The Federal government annually appropriates millions of dollars 
to programs for land and water resources development. Because of the 
scarcity of funds, however, budgetary restraints are imposed. It is 
important, therefore, that the greatest benefit be obtained from given 
amounts of resources,diverted to land and water resources development 
projects. To ascertain if the greatest benefit is obtained from the 
money expended for these resources development projects, an economic « 
analysis of each project is necessary. An economic analysis serves in 
determining the total costs and benefits of a project as well as the 
cost and benefit of each function^  of a project. Resulting benefit-
cost ratios can then be used to array the various land and wat*fer 
resources development projects in order of their economic feasibility. 
The importance uf economic evaluations of resource^  development 
projects has commanded the attention of political leaders and admini­
strators, and such evaluations have become an increasingly important 
function of government. Major responsibility for making evaluations of 
projects in which the Federal government itself has an interest has been 
delegated to several Federal agencies. Some Federal economic evaluations 
oi development projects are conducted by a single agency while others » 
° o 
are cooperative among several Federal agencies, but most public evalua­
tions involve some degree of coopération among Federal, State and 
local interests. 
]-The term "function" refers to direct or immediate consequences 
of improvements such as flood control, drainage, and erosion control3 
it is used in this study in preference to the term "purpose" appearing 
in the literature to denote irrigation, power, navigation, etc. 
<0 
O 
The Soil Conservation Service, Forest Service, and Agricultural 
Research Service, as agencies of the U. S, Department of Agriculture,^" 
e 
are cooperating with the Corps of Engineers, U. S. Army, and with the 
* 
O 
Bureau of Reclamation, U» S. Department of the Interior, in evaluating 
land and water resources development projects. At the present 0time, 
3 
-i 
these cooperative studies are being conducted in £he Lower Mississippi, 
Cape Fear, Delaware, Potomac and Upper Colorado River Basins. „ 
The evaluation of drainage-flood control projects in the Lower 
Mississippi River Basin was begun in 1956 as a joint effort of the 
Corps of Engineers and the Department of Agriculture. In the appraisal 
e 
of land and water resources development projects, the work in the Lower 
Mississippi River Basin was divided between the two agencies. The 
Department of Agriculture was responsible for estimating:(l) The 
S o  
private costs associated with the drainage function; and (2) the net 
O 
benefits anticipated to result from the drainage function of the 
multiple-function program. The Corps of Engineers was responsible 
for; (l) Estimating the public or Federal costs of the entire 
drainage-flood control program; (2) estimating the net benefits from 
O o 
the flood control function; and (3) determining t£e economic justifi­
cation of the overall project. After all costs and benefits of each 
of the two functions had been estimated independently by the two 
0 
agencies, it was the added responsibility of the Corps to combine 
^These agencies are hereinafter referred to collectively as the 
Department of Agriculture. o 
o 
© 
® 
o 
o 
o 
o 
3 o 
°oo O 
these estimates into an economic analysis of the overall ^ oject. 
o 
The benefit-cost ratio, the financial feasibility of each function, 
and the economic justification for the project were then determined 
by the Corps of Engineers. 
.= Ctc ® 
Major Difficulties in Economic Evaluation 
°o o 
o 
. o 
The division of evaluation responsibilities in the Lower Mississippi 
River Basin between the Corps of Engineers and the Department of Agri­
culture presents at least two major difficulties. The first deals with 
o 
the formulation of a conceptual framework that will consider both the 
0 
O 
broad public viewpoint and the narrower private or local point of view. 
The economic analysis made by the Corps of Engineers is based at least 
implicitly on the theory of general welfare. All public and private 
costs (including all damages) and all benefits to whomsoever they accrue, 
are taken into consideration. This concept of «the analysis, made from 
the public point of view, invokes the condition that total benefits must 
exceed total costs for the general public to benefit from construction 
of the®project. The analysis specifies only the extent to which totsBl 
° 
benefits exceed total cosi^. If properly formulated, however, the 
o o 
analysis should also specify the optimum scale or scope of development. 
0 O S3 
This is the point at which the cost of adding the last increment of 
project just equals the benefit from that increment. Such marginale ° 
The concept has long been outdated in welfare economics. Modern 
welfare theory specifies that for a project to be feasible on welfare 
grounds, every individual shall be at least as well off with the project 
as without it. However,, current Federal procedures used for economic 
=^KalysesKcfo=drainage-floodSccontr olcP^o je c-tSeddOo not appliça-. „ 
tion of the compensation principle which makes this condition possible, 
even though damages are considered as costs in the analyses. 
(O 
o 
a G 
principles can help in indicating the most efficient allocation of 
o ° 
resources in particular projects* 03 0 
• o 
The analysis of net drainage benefits, such as that made by the 
<y © 
Department of Agriculture in the Lower Mississippi River Basin, iso 
O e e 
concerned only with private costs and direct benefits to the private 
O « 
sector. Such an analysis is made from the viewpoint of the individ-
0 
0ual or the private firm and, as such, essentially involves the theory 
• O = 
of competitive production fty farm firms. The analysis of the private 
sector is concerned with privately owned resources used in production 
and the attainment of net benefits from the use c" those resources in 
connection with drainage development. 
o 
In order to derive an adequate economic evaluation of drainage- 8 
o O 
flood control projects it is necessary that differences between public 
O 
and private viewpoints be reconciled. This can be done best in the 
conceptual stage of analysis. The conceptual framework within which 
• • 
thé" %conc%ic evaluation is made can be developed in such a way that 
? 
public and private viewpoints will be coordinated. 
The second major difficulty in the division of evaluation responsi 
O o 
bilities deals wd?th the uniformity of methodology when evaluations of 
°° c 
different functions are made by agencies other than the agency making 
@ 
the»economic analysis ofothe overall project. If the basic assumptions 
principles and objectives recommended by the Subcommittee on Benefits 
1 = o 
and Costs were followedcin making the analysis of each function of the 
o 
1 O 
U. S. Federal Interagency River Basin Committee. Subcommittee 
ô"n-B'enei-±ts""amr uastsT ~t'rWo'seu-pYaic-t2X;m^ t)Tn^ (3mEic^ aim^ l'S~yT"' 
river basin projects. Washington, D. C. U. S. Govt. Print. Off. 
1950. pp. 5-7. « 
G? 
project, the result should be a project formulated in:such a way that 
O 
economic resources would be optimally allocated and net benefits therê-
O 
by maximized. In this manner the several parts of £&i economic evalua­
tion could be aggregated into a well-coordinated project evaluation. 
The selection of the most economically desirable of an array of justi­
fied projects cannot be meaningfully made unless there is some assurance 
of uniformity in measurement. . ° 
If the objective of the economic analysis of a drainage-flood control 
project is to maximize net benefits, it is imperative that the analysis 
of each function of the project be made with this objective in mind. 
This means that the analysis of the private sector should be based on 
the same basic principles and assumptions as the analysis of the public 
sector. Both analyses should bte concerned wi£h the maximization of net 
benefits• 
9 • 
Problems Investigated in the Study 
In view of the foregoing difficulties, this research is concerned 
with two specific problems. The first deals with the construction of a 
* % e 
model for evaluating projects from both the public «and private viewpoints, 
.a model that must also allow the evaluation of a single function of a 
multiple-function project to be incorporated into theeevaluation of the 
O 
overall project in such a way that the same objectives serve as the 
point; of orientation. The second problefi deals with the methodology 
used to estimate the net benefits from a single function of a multiple— 
• « 
function project. The emphasis in this study is placed on the second 
problem, which is treated empirically. Because of a lack of data the 
© o 0 
first problem is treated quite abstractly. 
r© 
en 
As previously indicated, in the evaluation of the drainage-flood 
O 9 
control program in the Lower Mississippi River Basin, the Department of 
Agriculture was concerned only with estimating the net benefits from the 
drainage function of the program. The only costs and benefits with which 
the Department1 s evaluation was concerned were private costs associated 
6  o  
with® drainage development, normal farm production costs, and benefits 
to the firm. 
Hypotheses for Directing the-Study 
Delimiting hypotheses . . 
The major delimiting hypothesis is that, whether or not the analy­
sis of each function is made by a different agency independently of the 
agency making the overall project analysis, the aggregation of separate 
evaluations will not result in an adequate economic analysis if: (l)e The 
same goals and objectives do not guide each phase of the evaluation; and 
(2) different economic principles are followed in making the separate 
» . * 
evaluations. 
A corollary of the above hypothesis is the condition that, in order 
to obtain a reliable evaluation of development projects, the evaluation 
of each function must be made with the same objectives and goals in 
e ® 
mind as the evaluation of the overall project. 
Diagnostic hypotheses 
These are aq, follows: 
1. The assumptions on which the methods used by the Department 
of Agriculture were based were not consistently applied in all phases 
cs? O 
. jT.f-jfche_exal.iiat.ion.-.-This inconsistency resulted in an inaccurate 
-cr 
measurement of net Benefits from drainage. 
o 
0 
2. The large body of theory that has been developed concerning 
O ° - ' 
the evaluation of agricultural benefits from single functions of 
multiple-function projects has provided some sound economic guides 
O O 
for evaluation procedures and has therefore contributed toward the 
reliability of benefit estimates. 
. 
3. The difference in net farm income with and without the project, 
less all private costs associated with drainge, is considered as the net 
benefit from the drainage function of the project. Net benefits will be 
inaccurately estimated if net' farm income with or without the project ise 
not computed under the same assumptions of optimum resource use and 
profit maximization. 
Remedial hypotheses 
• 1. One of the weakest points in the Department ' s evaluation pro­
cedure is the failure to apply a scientific approach in predicting 
future land use and cropping systems. Too much of this problem has 
been left to individual judgment and speculation. 
2. Closer liaison between economists and physical scientists, 
a'nd a better understanding and appreciation of the interrelationships 
between economics and the physical sciences are needed in all resources 
development evaluations. 
Objectives of the Study o 
The objectives of=the study, which follow from the previously 
stated problems, are: (l) To develop a framework for economic analysis 
_of_Draiects that will consider both the public and private points of 
view; (2) to assess the adequacy of the procedures used by the Department 
o 8 
o 
of Agriculture for evaluating net drainage benefits from the private 
point of view; (3) to discover in what respects the procedures used 
by the Department might have been inadequate for the purposes intended; 
O 
and (U) to suggest remedial measures for correcting possible deficiencies 
In these procedures. 
° 
Methods of Testing Hypotheses and Sources of Evidence 
° , 
The foregoing hypotheses are tested by the following methods ; 
1. Assumptions underlying procedures used by the Department are 
analyzed in terms of economic theory to determine whether the dual.goals 
of optimum allocation of resources and maximization of net benefits * could 
be attained with the procedures used. 
2. In addition to procedures used by the Department to evaluate 
net benefits from drainage, underlying assumptions are also analyzed 
in terms of "the study's conceptual framework. The qualitative analysis 
is made to (a) determine whether it is possible to attain an optimum 
allocation of resources and maximization of net benefits with the pro­
cedures used by the Department, and (b) determine what the weaknesses 
in the Department's procedures are so that changes in procedure can be 
suggested. 
3. The allocative technique of "linear programming" is used to 
determine whether optimal resource use and maximization of net benefits 
are attained by the procedures used by the Department. 0 
Evidence for testing hypotheses was obtained primarily from reports 
results of the Department evaluations, or from interviews with 
farmers in the geographic area studied1. 
Area of Study 
° 
While .the Department of Agriculture studied many projects 
throughout the Lower Mississippi Valley, extending from Cape Girardeau, 
Missouri to the Gulf in Louisiana, this study was confined to the Boeuf-
Tensas-Macon Sub-basin of Arkansas and Louisiana. The latter was selected 
for analysis because it evidences general problems found throughout the 
Valley and, in addition, some interstate problems not common to all 
projects. Limiting the study to a relatively small portion of the 
Valley simplifies handling data on the results of the Department's 
findings. Moreover, the methods and procedures used in making the 
drainage benefit evaluation in the Boeuf-Tensas-Macon Area were used 
throughout the Lower Mississippi Basin; the use of one sub-basin serves 
the objectives of this analysis. 
U. S. Department of Agriculture, Soil Conservation Service. Report 
on present and anticipated agricultural conditions, Boeuf-Tensas-Macon 
Basin (Louisiana), Mississippi River and tributaries project review. 
Mimeo. Alexandria, La. State Off. Soil Conservation Service, U.S.D.A. 
May 1957; also U. S. Department of Agriculture, Soil Conservation Service. 
Report on present and anticipated agricultural conditions, Boeuf-Tensas-
Macon Basin (Arkansas), Mississippi River and tributaries project review. 
lvT5I5E5i—Service. U.SoD.A. 
Oct. 1957. ° 
o 
o 
o 
'O 
o 
© 
o 10 o 
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CONCEPTS AND FRAMEWORK FOR EVALUATING DRAINAGE BENEFITS 
o <> 
e 
° e 
Purposes of Economic Evaluation 
° <• - e 
The primary purpose of an economic analysis of resource develop­
ment projects is to ascertain how effectively projects will utilize 
-economic resources. This determination is commonly made by a com­
parison of the production of goods and services with and without 
project development. Goods and services, in the economic sense, 
0 o 
provide means of satisfying human wants ; goods and services may 
either be increased or decreased in amount as a result of a project. 
Goods and services fulfilling human needs and desires have economic 
value only when they are in limited supply.Resource development 
projects should provide an optimum flow of revenue (in terms of goods 
\ ? 
and- services) from the economic resources.used. Since proposed 
projects under study commonly extend into the futurfe, a long-run 
analysis of future demand for the -flow of goods and services pro-
3 
vided by projects is a prerequisite to economic evaluation. 
"*"U. S. Federal Interagency River Basin Committee. Subcommittee 
on Benefits and Costs, o£. cit., p. 7« 
2 ' * The optimum flow of revenue would be that which provided maximum 
satisfaction consistent with use rates. In the case of nonrenewable 
resources this may not be an increasing flow or even a sustained flow. 
3 To realize benefits from any resource development project there 
must first of all be a demand for the goods and services made available 
by the project. The first step, therefore, in the evaluation of a 
project would be to ascertain the demand for the increased goods and 
services developed by the project. In those cases where projected prices 
are used in the evaluation, however, the projected prices, based on cer­
tain assumptions concerning population grovftir, economic growth, and future 
supplies and demands of commodities for the Nation, assume that there is 
~z "QBfaanci—f or=%o ou5==5SiŒ=sers=ée c 
sideration. 
O 
O 
o * o 
o o 
o 
G> 
11 
O 
O 
Conditions necessary for the optimum use of resources in project 
development are (1) a maximum of net benefits, and (2) development of 
projects in the order of their relative desirability. * 
e O 
»635fj;tC 
An economic analysis also serves as a basis for cost allocation 
and reimbursement, though these purposes are not integral parts of the 
principal objective of economic analysis. 
The economic analysis can be used to determine the optimum scope of 
development. The optimum scale of development is reached at the point 
where net benefits are maximized; that is, at the* point where the last 
increment of scope provides benefits just equal to the cost of adding 
1 , 
that increment. • • 
Significant points in determining the scale of development in 
e 1 
project formulation are shown in figure 1. Point 1 is the scale of 
development at which the ratio of total benefits to total costs is the 
greatest. Point 2 is the scale at which total benefits exceed total 
costs by a maximum. Point 3 is one scale of development at which 
total benefits equal total costsj point It is another but tit is below 
the relevant*range of demand®for project inputs, • 
At point 2"the cost of adding the last increment in the scale of 
development just equals the benefits from that increment. It is at 
this point that net project benefits are maximized and beyond which 
— — G 
^Timmons points out that in the case of budget restraints the 
optimum point may not be reached. This is because the highest return 
per unit of investment is achieved by equating marginal net benefits 
of all potential watersheds and the equi-marginal benefit point may 
well be reached pgior to the point where marginal benefits equal 
marginal costs in individual watersheds. See John F. Timmons. 
Economic framework for watershed development. J. Farm Econ. 36: 117$. 
1951,. 
o 
. ° « 
@ o o 
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Figure 1. Relationships Between Benefits^ and Costs for 
Varying Scales bf Development."* 
o 
* From U. S, Federal Interagency River Basin Committee. Sub­
committee on Benefits and Costs. Proposed practices for economic 
® analysis of river basin projects. Washington, D. C. U. S. Govt. 
Print. Off. 1950. p. 12. 
o 
o 
" o 
O c ®  1 3  
O O 
development should not be extended, even though a greater amount 
<0 
of total benefits could be gained. It is thus at point 2 that the 
O  ^
most efficient use is made of economic resources used by the project 
binder considéra CLVJLV11# 
o 
Concepts of Economic Evaluation 
O 
The point of view from=which the effects of a project are con­
sidered largely dictates the method of evaluation, the theory"relevant 
in guiding the analysis, and the assumptions to.be used in the evalua­
tion process. When a project is considered from the broad public view­
point, all probable beneficial and adverse effects of the project must 
be considered. All effects must be taken into consideration, regard­
less of their incidence and regardless of whether repayment or cost-
sharing is required. Economic analysis from the pûblic point of view 
is primarily for the 'purpose of determining the overall economic justi­
fication of the project. This differs from financial feasibility which 
relates to cost-sharing and" reimbursement. The public viewpoint en­
compasses all benefits and costs within the area of project influence. 
The economic analysis made from the public point of view must include 
o 
benefits accruing to those within the„immediate project area as well 
= ° « . 
as adverse effects and damages to others. This is a much broader 
viewpoint than an individual or a group of individuals within a 
O 
given locality would®adopt. ' „ 
The local concept of resources development evaluation places the 
emphasis on repayment or cost-sharing. The local group is understand-
CO 
ably more interested in the effects the project will have on the 
o 
o O 
o o 
o o O 
6 » 
immediate project area; it is not particularly interested in effects 
on persons outside the area involved.^ Local groups are interested in 
the total cost of the project as that portion of the costs (either -
non-Federal public or private associated costs) which they as 
participants in the development will have to bear.. They are 
interested in the benefits that will accrue to them as participants 
in the development effort. This does not mean that local groups 
have no interest in the general welfare. Rather, it means- that the 
economic analysis of a project made by an individual or a group of 
individuals would emphasize the effects the project would have on 
their business firms. 
The goals of the individual and the public are not always in 
harmony. Where disharmonies exist it may be in the public interest 
to assist the individual in various ways to more nearly meat the 
public objective. The form of assistance that f" best and the extent 
to which public investments should be made in private land to assist 
the individual or the group are matters of economic analysis. 
Individual and Group Accomplishments in Drainage 
The primary purpose of drainage is to make more efficient use of 
the land resource. Since land cannot be productiyê without the added 
use.of capital, labor and management, which are also scarce^ resources, 
the objective becomes one of getting the most of what people want out 
of the land over time with the least inputs of capital, labor and 
O 
management. The problem of efficient resource use is essentially one 
° CP 
of optimum resource allocation. The objective may be stated thus: 
° 15 
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to obtain the most efficient use from resources used in the production 
process, the resources ngis^be allocated in such a maimer that each 
factor receives its marginal reward. 0 
O o 
The use of land and the extent and nature of outlays for land 
improvements (including land drainage) ate, basically, questions of 
economic analysis. Within the firm,* expenditures for production 
resources are subject to the test of maximization of returns to each 
factor used by the entrepreneur in the production process. From the 
public viewpoint, expenditures for land and water resources develop­
ment are subject to the test of maximizing benefits from the use of the 
developed resources over time. The goal of the firm is to maximize 
returns- from resources, discounted over the firm's planning horizon. 
The goal of society is to maximize returns from resources, discounted 
over a* much longer period; that is, a period including future as well 
as present generations. 
The individual can, by his own efforts, develop his land resources 
only, to a certain level of profitability. The level of private profit­
ability is governed by the level of land productivity that the entre­
preneur can attain with the resources over which he has control. If 
the publicly desired level of productivity cannot be attained by 
private effort alone, it may be advisable to provide assistance tç the 
1 
individual to attain the desired level. This assistance, however, 
should be in the form of education and research, credit, technical 
p 6 
\he publicly desired level of private profitability is not < 
necessarily the level of production that will=add most to the net 
social product. Rather, it may0be the level of profitability that 
will provide an acceptable level of living for the farm family. 0 
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assistance, or incentive payments, rather than grants or public? 
investments in private land. Technical assistance may jae provided 
-through such agencies as the.Soil Conservation Service and the 
Extension Service. If, with the use of these methods of assistance, 
.the level of productivity cannot be raised to-the publicly desired 
level within the range of private profitability, group action should 
be taken. 
With respect to drainage, the individual is often limited in 
intensity of resource use because of a lack of drainage outlets. 
With the assistance of such agencies as the Soil Conservation Service 
he can develop a farm drainage system only to the extent that he has 
an adequate outlet for hip farm drainage. Additional drainage beyond 
the capacity of the outlet from the farm does not.increase farm pro­
duction. However, the level of productivity can be raised further by 
group action through construction of group drainage facilities„ These 
group drains, usually provided by a drainage district, which provide 
more adequate farm drainage outlets, enable the individual farmer to 
expand his farm drainage system. Wore complete farm drainage provides 
for more efficient use of resources and increased production. Aids 
that may be required by the group to attain the socially desired level 
of inter-farm profitability may be in the form of research and educa­
tion, taxes on benefits, technical assistance, incentive payments, and 
aids for costs. Even with these aids, however, the socially desired 
level of inte%-farm profitability may not be attained because of 
0 
oo 
physical limitations. The lack of major drainage outlets may, limit 
O O 
tW extent of°iSie group drainage «activity. If, because of this 6 
o 
o 
limitation, the publicly desired level of productivity cannot be 
° 
achieved, it then becomes a public responsibility to further develop 
the land resources% „ „ ° 
Because public funds are scarce in relation to needs for land 
improvements, public grants and .investments in privately owned land 
0 
« * 
should be limited to raising the level of land productivity from the 
level of. group profitability up to the publicly desired level. In 
order to ascertain if the difference in potential productivity between 
that attainable at the group level and the publicly desired level is 
sufficient to justify the expenditure of public funds for land 
development purposes, an economic analysis is necessary. 
Within the Lower Mississippi Valley most drainage has been 
accomplished by private and group action. For the most part, however, 
the level of maximum profitability has not been attained either at the 
private level or at the group level. Drainage that has been completed 
has largely resulted in an expansion on the extensive margin. Farmers 
have added land to their capital resources either by buying out smaller-
adjoining farm units or by clearing woodland tracts within their own 
holdings. Within individual farms the level of productivity could be 
greatly increased, throughout the Delta, by a more intensive use of 
resources and by adding more capital-to the land resource, thus 
expanding on the intensive margin. 
. 
While it is possible to attain greater production through private 
initiative, and thus approach the socially desired level of productivity, 
it is questionable if further increases can be achieved through group 
action. If future,, group action is of the type that has taken place in 
6 e 
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the past, the possibility becomes even more remote. This is primarily 
o 
because of legal and institutional barriers which deter further ggoup 
<r> * 
action.. The removal of many of these"barriers is beyond the power of 
,, • 
the group and must.be solved by legislative processes. To be effective, 
O 
future group action must be coordinated with a much broader drainage 
# o 
plan; one outside the scope of the relatively small group such as the 
drainage district. It is increasingly evident that the drainage 
problems within a sub-basin cannot be completely resolved by individual 
drainage district action. The coordinated effort of all drainage 
districts within a sub-basin having a common drainage is necessary for 
an adequate solution. 
% 
The Watershed as a Planning Unit 
The need for approaching the drainage problems of the Lower 
Mississippi River Basin on a sub-basin basis was recognized as early 
as 1910. Arthur E. Morgan, one of the leading engineering authorities 
of the Delta, then pointed out the complex-drainage problems of the 
Delta. He insisted that if drainage success were to be attained it 
would be necessary to develop a comprehensive plan for drainage of 
each sub-basin. He pointed out that because of their topographical 
and geographical characteristics, each presented a single and indi-
• 2 
visible drainage probleîa. 
^In this study the terms watershed and sub-basin are used 
synonomously. 6 
2 
Robert W. Harrison. Drainage reclamation in the Yazoo-Mississippi 
Delta. A drainage handbook. State College, Miss. Miss. Agr. Exp. Sta. 
1952. pp. hl-12. 
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This idea of approaching land and water resources development 
problems on a watershed basis apparently has not caught on in the °° 
Lower Mississippi River Basin; at any rate there is little evidence0 
» o 
that it has been widely adopted. In fact, it has been only since 
the passage of the Watershed Protection and Flood Prevention Act"*" 
that the concept of development of land an& water resources by 
0 0 *• 
watersheds has been given much consideration in the United States• • 
Prior to this legislation, the large river basin concept was the 
2 generally accepted approach, to land and water resources development, 
Neither of these approaches, however, is entirely appropriate 
for land and water resources development in the Lower Mississippi 
Valley. The small watershed approach, such as small watersheds that 
would qualify under Public Law 566, would be appropriate only for those 
watersheds which could be considered as physiographic and hydrologie 
entities. Because watershed boundaries between- these small third-order 
drainage areas in the Delta are not sharoly defined, due to little 
difference in élévation within a sub-basin, independent development 
of these small watersheds is difficult. In most cases whatever is done 
in one third-order watershed within a sub-basin has an influence on the 
other small watersheds in the same sub-basin. 
V S. Congresse Senate. 83rd. 2nd Session. Watershed protection' 
and flood prevention act. August U, 195U. Public Law 566. Washington, 
D. C. Ue S. Govt. Print. Off. 195k. 
9 
Of course, development of resources within individual firms by 
farm operators has-been going on for decades. 
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The large river basin approach to the drainage problem is not 
appropriate for the Lower Mississippi River Basin because it is made 0 
O 
up of many second-order watersheds or sub-Ms ins, each of which is a 
physiographic hydrologie unit.'1" Planning for drainage °on a sub-basin 
basis, therefore, appears to be the môst logical. The significance 
of watershed (and sub-basin) development rests on the premise that a 
watershed be defined and treated as a hydrologie unit;' an area of land 
with interrelated physical and economic consequences evolving from 
activities related to resource use within the area. These inter­
relationships are due to physiographic and hydrologie phenomena, 
wherein a common drainage exists for the area delineated as the 
watershed. Treatment of the entire sub-basin as a hydrologie entity 
. in planning a unified drainage program allows drainage work to start 
at the lowest point of the sub-basin and work toward higher land. 
This is a fundamental engineering criterion for planning an efficient 
and effective drainage program. 
For planning and development purposes a watershed, as defined 
. above, wotild appear to be the most desirable definition for engineering • 
and economic analyses. Most sub-basins are small enough so that problems 
" and conflicts âre not overshadowed by sheer size to the extent that a 
"community interest" cannot be embraced. 
The large river basin approach, wherein such methods as the basin 
account or the interest component are used to determine project feasi­
bility, allows inclusion of sub-basin projects that would otherwise not 
be economically justified. On the other hand, the marginal analysis 
method of determining scale of development of large river basins, if 
applied on a sub-basin basis, may prevent desirable projects within 
a sub-basin from being developed. ° 
o 
Watershed development is, therefore, an attempt to solve problems 
of resource use and control on a multiple-function basis. This requires 
cooperative action and collective decisions in planning by individual 
resource owners or users and the public (the public "peing represented 
by the planning agencies). 
° , 
The Conceptual Framework 
A watershed typically includes many individual farm firms within 
6 • 
its. boundaries. The problems involved in the development of land and 
water resources are usually concerned with economic reorganization of 
individual farm firms. A farm firm in this study is taken to be 
the decision-making unit in agricultural production; a unit 
within which factors are combined and production decisions 
are made, whether the resources are owned by one resource • 
owner or are split between a landlord and a renter. 
By economic reorganization is meant that an adjustment has taken • 
place if 
... the amount of any product produced by any firm or consumed 
by any individual varies from one period of time to another* 
A -watershed, being comprised of a number of individual firms which 
share jointly in the total product forthcoming from the combination of 
total resources employed within the watershed, may be considered, for 
purposes of benefit analysis, as a firm. Within this framework a 
watershed resembles the fafm firm operated by a tenant, the resources 
^Virgil L. Hurlburt. Farm Rental practices and=problems in the 
midwest. Iowa Agr. Exp. S ta. Res. Bui. Itl6. 195U. p. 83. 
2 
Melvin W. Reder. Studies in the theory of welfare economics„ e 
New York, N. Y. Columbia Univ. Press. 1951. p. 16. 
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of which are divided between tenant and landlord. It differs from 
° 
the farm firm in that it is made up of several individual firms * 
6 e o 
having various objectives and having various means of meeting their 
objectives.^ 
Where the.watershed is regarded as a firm, it is implicit within 
the framework of the institution of private property ownership that 
decisions concerning allocation of resources in the production process 
within the watershed result from collective action'on the part of the 
individual firms. The watershed as a firm has production goals 
identical to-the production goals of the individual firm, that is, to 
attain a greater product (income) from given resources in the relevant 
time period. For determination of benefits (returns) from the develop­
ment of resources within the watershed, from the viewpoint of either 
the farm firm or the watershed firm, the relevant theory is the theory 
2 
of the firm or the theory of production. 
In another sense, as the watershed is composed of a community 
of individuals, it may be regarded as a public entity. This concept 
recognizes that the public (society) is not distinct from individuals 
as society is made up of individuals and the two are not separate 
Ipor a detailed discussion of this concept see John F. Timmons, 
Economic framework for watershed development. J. Farm Econ. 36: 1171-
1183. 195U. 
2 
This study recognizes welfare aspects in the application of pro­
jected prices used. Since projected prices encompass future supplies 
and demands of commodities at the National*level, the analysis of the 
firm contains an element of welfare economics. In most cases, however, 
an individual firm or an entire watershed has an infinitestimal effect 
on prices in a competitive»market. „ 
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entities. It should be emphasized that "there are few if any ° „ 
economic principles or concept^ which are unique to«either society 
* i 
or the individual." More particularly5 there are few if any 
0 
economic principles or concepts which are unique to êither society 
or the farm firm when the farm firm is considered as a firm-household 
combination. The choices and goals of society are, in a democratic 
nation,•simply an expression of many individual'sThe production goals 
and the distributive goals of a watershed firm (in a public sense) 
and the farm firm (in a firm-household combination sense)- are not 
essentially different. The production goals and the distributive 
goals of both are to (l) attain a greater product (income) from 
given resources in the relevant time period, and (2) distribute 
consumption of a given income over time to result in greater welfare 
or utility, respectively. 
The essential difference .between the individual firm, the water­
shed firm, and the watershed as a public entity results primarily from 
differences in planning concepts and objectives, The individual firm 
and the watershed.firm are private economic units that may ignore social 
costs of natural resources wastefully destroyed or carelessly used. 
. Social costs thus become opportunity costs in the sense that they are 
measured by the value of the benefits .that society must forego in order 
to achieve stated objectives. Pigou considers costs•of production which 
include certain social costs and social gains to be in the field of 
1 0 
Earl 0. Heady. Framework of uncertainty research and solutions. 
Proc. of Res. Conf. on Bisk and Uncertainty in Agrs N. Dak. Agr. Exp. 
Sta. Bui. LOO. 1955. p. 5» 0 
A . • ' . 
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owelfare economics. The relevant theory for determination of the 
o o 
feasibility of watershed development when «the watershed is used in' 
o ° 
the«public context is the theory of welfare economics. 
In this study, which concerns the analysis of net fax-iu benefits 
from drainage, the problems involved are approached from the viewpoint 
of the individual firm and the watershed firm. The analysis is not 
concerned with the economic justification of the fentire drainage-flopd 
control project but rather with the financial feasibility of the drain­
age function of the project, in which the participants must bear the •_ 
costs associated with drainage development. The costs with which this 
study is concerned are private costs (costs of farm drainage systems, 
costs of land clearing, other costs associated with land development, 
and normal farm production costs) and non-Federal "public" costs - the 
costs of construction of group drainage systems. Non-Federal "public" 
costs, however, become private costs because they are borne by land­
owners in the form of benefit assessments levied on the land. 
The Presidential Advisory Committee on Water Resources Policy 
recommends that costs for major drainage incidental to flood control 
projects be financed in accordance with the general procedure for cost 
sharing. The Committee puts forth the argument that multiple farm 
drainage projects would serve the same end purpose as irrigation 
projects and therefore should be subject to the same cost-sharing 
1 
policy as is irrigation. If this policy of cost-sharing were 
1 • ' 
Presidential Advisory Committee on Water Resources Policy. 
Water resources policy. Washington, D. C. U. S. Govt. Print. Off. 
195%. p. 32. 
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adopted it would mean that the portion of the Federal cost which ° 
O 0 
O O 
the watershed as a firm might be required to pay toward construction 
o 
• of the major drains would have to be taken into consideration in the 
determination of net benefits to the farm firm froin drainage. Until 
such a policy is adopted, however, the cost of major drains must be 
considered as social -(public)- dosts. In the .benefit-cost analysis 
of the economic justification of the entire project, however, these 
public costs must still be considered. 
The theoretical analysis of the economic feasibility of land and 
water resources development at the level of the farm firm and the 
watershed firm as presented in this study is designed to provide a 
framework for the empirical procedures required for attaining the 
study's objectives. These were previously stated as: (1) To 
analyze the procedures used by the Department of Agriculture to 
evaluate the net farm benefits from land drainage; (2) to assess 
the adequacy of the methods and procedures used by the Department 
in the evaluation; (3) to ascertain in what respect the methodology, 
used is inadequate for an accurate benefit evaluation; and (it) to 
develop remedial measures for overcoming possible deficiencies in 
the Department's procedures » 
A static analysis or an analysis of the present conditions 
which ignores changes occurring through time is important only in 
that it enables us to determine the extent to which resources avail­
able to the firm in the present and outputs produced by the firm in 
. * ' • ° • . «, 
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the present oare not b%ing uaegl or produced in the optimum corabi-
O 
nation. Such an analysis is not appropriate for determination of 
' the maximization of benefits from land resources development by the 
o  °  
firm. Development of land resources requires investments (inputs) 
-
to be made in one period, the returns from wftich are not forthcoming. 
until°some subsequent period or periods. That is, a flow of revenue 
from inputs made in period t^ will be forthcoming in periods t^, 
.... tn. The sum of the dollar values of the outputs forthcoming 
during the entire period t% ...» t^ is the firm's total revenue for 
that period. If development inputs are made over a period of time 
t.. ...at, the sum of the dollar values.of the inputs is the total 
cost incurred during that period. The difference constitutes, 
ceteris paribus, the total net benefit from the resource development. 
If a dollar's worth of revenue were equally important in whatever 
period it was earned, the revenues could be added for the entire 
period and the firm could choose that plan which yielded the' greatest 
2 
revenue. 
Because of technical uncertainty and price uncertainty, however, 
present profits and future profits are not directly comparable. As 
production extends into the future the uncertainty of anticipations 
concerning the more distant future becomes greater. This is merely 
William J. Baumol, Economic dynamics. New York, N„ Y, 
Macmillan Co, 1951. pp. 63-6U« 
2 
The comparison between two points in time is commonly referred to 
in the literature as comparative statics. The comparisons made here 
are what Baumol terms "statics involving time." 
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to say that a dollar in the present period is"worth more than a 0 
o 
dollar £n a future period because, money held in the"present period 
„ ° 
can earn some interest?. Therefore, in order to obtain the present 
. value of any quantity o£ money P receivable ih°gome future period 
° . • • 
6 -, 
n, it Is "necessary to divide (or discount) P by (1 + i) where i is 
the discount rate and n is the number of years forward from the dis-
. counting date.^ 
: The length of. the period over which the firm plans.its purchases 
and sales is aptly termed the economic horizon of the firm. The 
length of the economic (or planning) horizon is determined by the, 
discount rate. Beyond a certain date, the discounted value of revenue 
becomes too low to be of any significance. The effective expected prices 
of goods to be sold are too low or the effective expected prices of goods 
to.be bought are too high to induce planning of sales and purchases be­
yond some future date. It is in this way that the length of the plan-
2 
ning horizon of each individual and each corporation is determined. 
In a planning sense the entrepreneur has various quantities of 
productive resources available in different time periods which he 
tries to combine in a manner to maximize his profits over•his rele­
vant planning horizon. Computation of the present value of his pro­
duction plan does not depend on 'time preference if the market rate of 
"^Ibid., p. 6U. 
2. 
"Oscar Lange. Price flexibility and employment » Evanston, 111, 
Principia Press| Inc. 1952» p. 33. 
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'o interest is given and if expectations are certain. An adequate 
6 
allowance for risk must be made, however, when the entrepreneur's 
• °o ° 
time preference and expectations are taken into consideration. The 
discount rats for risk is determined by ho«; averse the operator is 
to gambling and also by the amount of compensation which he requires . 
1 • 
for undertaking the risk. 
In the inter-temporal situation the same marginal conditions, 
which are based on the same assumptions as the conditions for the 
intra-temporal situation^ are necessary for maximization of profits. 
As in the intra-temporal situation, these marginal conditions are 
2 
necessary but. not sufficient for maximization of profits. The 
Hicksian second-order conditions which assure the firm that profits 
are at a miximum are also necessary in the inter-temporal situation 
3 
and are the same as those in the intra-temporal-situation. 
In an ex ante sense an additional equilibrium condition is ' 
necessary: tha. total condition that the plan as a whole must pro­
vide a suitable profit to. induce the operator to undertake production. 
This means that the production plan must be such that the capitalized 
value at every future date of all that remains to be carried out after 
"^Baumol, oj>. cit., pp. 65-66. 
2 
For a complete presentation of marginal and second-order condi­
tions necessary and sufficient for equilibrium of the firm, see J. R. 
Hicks. Value and capital. 2nd ed. London, England. Oxford Univ. 
Press. 1953°. Chap. 6. These conditions are referred to in this study 
as the Hicksian conditions. 
3 
Ibid. 
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the first period i§ greater than zero.^" o 
° The theory of the finiras presented here rests on the assumption 
° • • 
that the entrepreneur ds motivated almost entirely by profit maximiza­
tion. This indicates .that the scale of development of the watershed 
» 
firm is determined by eeonomic considerations. For any scale of 
. 
development, the combination of resources used by farmers within the 
watershed must be the one that results either in (l).the lowest c&st 
. • 
of obtaining a given dollar return, or in (2) the greatest production 
and return from a given cost or quantity of resources. 
Because production and the least-cost combination of resources 
varies by class or grade of land in the Delta, land is considered to 
be a heterogeneous resource. In order to reflect these differences 
in the analysis, a land classification is necessary. 
Land Classification and Resource Development 
A proper classification of land within a watershed is necessary 
for an accurate evaluation of benefits expected from land drainage. 
Land may be classified in various ways for different purposes. The 
scheme of land classification must be based on the purpose for which 
the classification is to be used. For example, land classification 
for purposes of determining irrigability will probably be entirely 
different from classification of land for purposes of. determining 
the basis, for tax assessment. 
^Baumol, op. cit., pp. 79-80. 
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In land and water resources development project^ wherein land ° 
classification is used as a basis for making economic determinations 
(such as payment capacity of irrigable lands by land class) it is 
O  . 0  
•  o  
important that the. economist continue to examine the classification 
e 
standards to assure that the finished product actually reflects the 
" '1 
real differences in'payment capacity between land-classes. This 
same principle applies equally to drainage projects when assessments 
are levied on the land in proportion to the benefits accruing to each 
land class. 
Any classification of land requires the formulation of judgments 
based on the physical characteristics of the land and judgments of 
various economic conditions and institutions that prevail. The 
physical and economic considerations cannot be neatly separated. 
For example, the determination of crop yields "may be largely a 
physical determination. In turn, yields, and the physical nature 
of the soil itself, have important impacts on costs and on other 
economic aspects of production. 
The physical classification of land must clearly recognize' 
.the fact that all soils are developed by nature with certain proper­
ties so that some are particularly suitable for production of certain 
crops while others are more suitable for growth of other crops. Crop 
adaptability is. determined largely by internal and external drainage 
O 
McMartin. Economics of land classification for,irri­
gation. J. Farm Econ. 32: 568. .1950. 
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characteristics, fertility? texture, structure, ease of tilth, 
slope, depth of topsoil, presence of claypans, etc. This complex 
of soil makeup also determines, to a large extent, drainage needs 
of the classified lands. ° 
e 6 © 
Mississippi State College and the Mississippi Agricultural 
Experiment Station have classified soils in Quitman County, 
Mississippi Into soil management classes. Physical characteristics ° 
and crop adaptability for two of these soils in two different manage­
ment classes are described aS follows: 
Soil Type 322. Sharkey .clay. Management Glass ÏI. 
•This is a poorly drained soil limited in productivity by its 
heaviness (high clay content). Frequent ditches are necessary 
to provide satisfactory drainage for this soil where it has 
either A or A0 slopes. Soybeans, oats, cotton, vetch, and 
Austrian winter peas are adapted crops for this soil. Corn 
should not be grown except on "new ground" or areas where 
heavy crops of legumes have been plowed under. 
Soil Type li36. Dundee loam. Management Class I. 
This is a fairly well drained sandy fertile soil that is easily 
managed. A few small V-type ditches provide adequate surface 
drainage. This soil is well- adapted to, all local crops, but 
is generally used for cotton and corn production. High yields 
of cotton and corn can be maintained if leguminous winter 
cover crops are grown or sufficient commercial fertilizer is 
added. 
Yields cited on the Sharkey clay .are U25 pounds of lint per acre for 
cotton, and 20 bushels per acre for com. Yields cited on the Dundee 
"1 
C. G. Morgan and H. S. Vanderfdrd. Soil management1 practices 
recommended for Quitman County. Miss. Agr. Exp. S ta. Bui. Wi7. I?ii7. 
pp. 12-27. ' • 
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loam are 800 pounds of lint per acre for cotton and 75 bushels per 
. acre for corn.l 
The physical make-up and productive capacity of these two soils 
have economic implications. ' The problem of allocating resources 
between these two technical units of production is purely economic. 
The problem of how to allocate a. limited quantity of variable resources 
between two such technical units having different production functions 
can be solved by the application of. production economics principles. 
This poj,nt is illustrated with hypothetical production functions of 
the two units as shown in figure 2. 
Up to the point where total production is a maximum or where the 
marginal physical product on both soils becomes zero, the marginal 
physical productivity of a given input of factor (x) applied to 
Sharkey clay is lower than for the same input of factor (x) applied 
to Dundee loam. This is evident from comparing the slopes of the Y 
curves in figure 2. If the total production from these two soils is 
to be maximized, the marginal products of the two must be equated. 
It is evident from an examination of the two figures (2A and 2B) that 
the marginal product from the 5th unit of factor (x) in figure 2A is 
less than that from the 2nd unit.of factor (x) in figure 2B. This' 
indicates that not all limited inputs should be allocated to the 
Dundee soil. When „figure 2A is superimposed on figure 2B, as shown 
in figure 2C, the point of tangency of the two production curves is 
the point at which the marginal products of the two technical units 
o o o e 
o 1 
1Ibid., pp. 12-27. - ° 
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Figure 2. Equating Marginal Products Between Two Soils Having 
Different Production Functions. 
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o of production are equal. No other combination of the given 
quantity of resources will result in as" great a total net product 
as that indicated at the point of tangency of the two production-
curves shown in figure 2G. .As indicated in figure 2C, units 
of factor (x) should be allocated to the Sharkey clay soil and 5.1 
units should be allocated to the Dundee loam soil. A total of 600 
• units of product are obtained with 9.9 units of factor input when 
the marginal products of the two soils are equated. This is 2.1 units 
less of - the resource required to produce the same total output of prod­
uct when applied to the two soils independently. When the marginal 
products of all resources used in the production process are thus 
equated, profits are maximized. This is true within a firm or between 
firms within a region having the same prices and costs. It would not 
be true between regions where the cost of the factor or the price of 
the product differed. This principle of allocating resources wherein 
the marginal physical products are equated between factors of pro- • 
duction is necessary in determining the optimum production program. 
Determining the Optimum Production Program 
The optimum production program for farm firms is that production 
program which maximizes profit. Obviously,.-on different soils adapted 
to different, crops, the optimum production program cannot b.e obtained 
from a single crop rotation applied equally to all soils. For example, 
a crop rotation consisting of cotton (planted with vetch or bur clover 
o 
o 
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in the fall), corn (interplanted with soybeans), dcotton, and corn ° 
is a suggested cropping system 0for Dundee loam soil', JThis/ however, 
would not be a suitable cropping system for Sharkey clay, A suggested 
cropping system for this soil is soybeans (planted to oats in the fall), 
oats (planted' to soybeans or -lespedeza. in the spring), cotton, and 
cotton.^ These two soils have different production functions for any 
one crop grown on both soils using the same factor inputs. Therefore, 
it is not possible to obtain maximum profit from these two soils by 
using the same crops in the same sequence and in the same proportions. 
It is possible for these two soils to have similar production functions 
in terms of output of total value product in relation to total factor 
input, however, if the proper combinations of crops and factor inputs 
are used for each of the soils. The optimum combination of crops and 
factor inputs can be derived by either budgeting or linear programming. 
Both methods of arriving at the optimuto production program use the 
same assumptions of linear production functions and constant input-
output ratios, hence constant returns to scale, 
A farm budget is a written plan for future actions plus the 
anticipated results. It is a device for production analysis. Essen­
tially, à farm budget is a method of production analysis to determine 
the profit or net farm income from a giv<xn combination of resources 
used in specified quantities to produce a specified amount and kind 
'of products. A farm budget involves the summation of the "expected . 
1Ibid., pp. 22-2?, 
•  . .  •  • •  
production of all commodities to be produced times their respective 
prices less the summation of the quantities of all items expected 
to be used in"production times their respective prices for a given 
1 " 
time period. 
Budgeting is a means of refining decisions for operation. One 
of.its greatest.uses is to determine the optimum amount of resources • 
to be used for the production of specified commodities.. It is a 
way to experiment in adding other resources to a set of fixed 
resources in order to compare returns from the whole and from the 
added resources. 
A budget may be used for production analysis of a farm firm to 
determine the net farm income from the entire farm operation of crop 
and livestock production. Or, it may be used to determine the net 
income from only a part of the entire farm operation, for example, 
primary production (crops only). In this case the process is referred 
to as partial budgeting. 
In general, a budget is used to determine which one of two (or 
possibly several) methods of production or farm organizations is best. 
Although there likely are many alternative organizations, all are not 
usually examined because budgeting is' too time-consuming.-
The problem of determining which one of a number of farm organi­
zations is optimum can more readily be solved by linear programming. 
^Lawrence A. Bradford and Glenn L0 Johnson. Farm management 
analysis. New York, N. Y„ John Wiley and Sons. 1953. p. 331. 
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As the name implies, linear programming supposes the production co­
efficients are constant or«that the input-output curve or production 
function (or0 a relevant segment) is essentially linear. Constant 
rather than diminishing marginal products or substitution rates are 
employed;1 In this .respect, linear programming is based on the same 
assumptions and has the same limitations as budgeting. 
Linear programming has the advantage of specifying the optimum 
program in a fraction of the time that would be required by budgeting. 
Using this technique, it is possible to break dowa inputs into smaller 
units. For example, labor can be broken down into requirements by 
months or weeksj soil can be broken down into different classes, etc., 
until there are numerous restrictions to limit production and to 
• specify the optimum production program. This is seldom feasible with 
budgeting. Linear programming shows how the limitations of all 
resources interact to specify the one optimum production program that 
1 
will make the most efficient use of the resources available. 
When benefits from drainage (or irrigation) vary by class or grade 
of land it is evident that land is a heterogeneous resource. Differ­
ent lasses of land having varying levels of productivity and adapt­
ability for various crops must be analyzed as technical units of pro­
duction for purposes of benefit determination. Since productivity 
and crop adaptability vary by land class, each class of land'must be 
^Earl 0. Heady, Simplified presentation and^logical aspects of 
linear programming technique. J. Farm Econ. 36: 1035. 195U» „ 
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analyzed separate^. Eagh cropping system then becomes a method of 
o o o © °* 
production or a separate production organization. The determination 
of the optimum production program by budget analysis would be an 
arduous task where many soil classes are involved. _This task can bs 
greatly simplified.by use «of the linear programming technique. 
. If the assumptions of perfect knowledge', perfect competition, • ' 
known state of technology, certainty of prices, crop yields and 
weather conditions, and the assumption of maximization of profit as 
the motivating economic -force are valid, then it is logical to assume .• 
. that economic phenomena guide and direct the production process. It 
logically follows", then, that entrepreneurs will use the cropping 
system on each class of land that will maximize profit. 
An important companion assumption to the above is that farm 
operators will•choose a rotation system such that the volume of pro­
duction from the resources used over time will at least be sustained. 
Therefore, the cropping systems chosen will be those that will contain 
the necessary amounts of cover crops (grasses and legumes) and small 
grain crops for a proper rotation. The limited resources available 
to the- firm (exclusive of those required for crops used as the basis of 
the rôtation) will be allocated among the competitive crops in such 
a way that profits will be maximized. This means that in the-economic 
evaluation of net benefits from resources development the economic 
aspects of the physical side of production must be carefully con­
sidered. An evaluation procedure that allows the analysis to be 
e o o 
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bound by rigid assumptions concerning prices, costs, and allocs- ° 
tion of "marginal returns to the factors of production but ignores 
the economic implications of the physical aspects of production has 
. . . • 
the effect of negating the entire analysis. 
.The concepts and framework presented in the foregoing section 
of this report indicate how the difference in points of view between 
the public and private sectors may'be reconciled so that a coordinated 
evaluation of a land and water resources development project could be 
made. The framework presented establishes the criteria necessary for 
an adequate evaluation of net benefits from a single function of a 
multiple-function project. If all functions of a project were evalu­
ated on the same basis of optimum allocation of resources and maximi­
zation of net benefits, the result should be a well-coordinated, 
adequate evaluation of the entire project when the separate evaluations 
are aggregated.• 
It is within the theoretical framework and concepts presented in 
this section that the procedures used by the Department of Agriculture 
will be first described and then.appraised. 
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o y.S.D.A. PROCEDURES FOR EVALUATING DRAINAGE BENEFITS « 
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Setting for the Evaluation»0 
o  «  •  
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In May of 1955 the President of thfe Mississippi River Commission 
°  •  o  
contacted the U.S. Department of Agriculture concerning cooperation 
in evaluation of .projects in the Lower Mississippi River Basin. The „ 
• • 
. 
Corps of Engineers, U.S. Army, was directed to conduct a review study 
of the Mississippi River and Tributaries Project -(hereinafter referred 
to as MR&T) authorized in the 1928 Flood-Control Act &s modified by 
subsequent acts. The purpose of the review was to investigate the 
adequacy of authorized and proposed projects together with any • 
modifications or additions that might be deemed necessary. The . 
Corps of Engineers requested the Department of Agriculture to ' 
evaluate the drainage function of the projects and to supply certain 
basic agricultural data to them for their use in making.. the economic 
evaluation of the overall MR&T project. 
Because several Department of Agriculture survey-parties would 
be engaged in collecting data and analyzing projects in each of the 
seveji States within the area of study, it was considered desirable 
that £he collection and analysis "of data be on a uniform basis. 
Uniformity in the collection and analysis of data was deemed 
necessary to assure a"degree of uniformity in response to the 
Engineers' request and to improve the efficiency of the overall 
la 
o  . 0  
survey. Guidelines and procedures were developed by the Department . 
' - ° 
to attain the degree of uniformity desired, ° • • 
o . 
Data were collected on. soils, land use, cropping patterns, crop 
° ° 
yields, and .production costs, pj.us costs of farm drainage, group 
drainage and land clearing." In order to have consistent and uniform 
data for the whole area, all estimates required for the economic 
evaluation were based on land classes. Standards'were developed 
by the Department for classifying all land in the project area. 
Review of the Procedures 
The development of land classes 
The Mississippi River and Tributaries Project report entailed 
an analysis of agricultural conditions in the Mississippi Alluvial 
Valley and probable response to the stimuli of development programs. 
Most of these conditions and their effects are closely related to 
basic conditions of soil, topography and the inhibitory elements of 
wetness and overflow. The needs arid costs of flood control, drainage 
installations, and supplemental irrigation facilities are closely 
correlated with these same physical elements, 
In making the land classification, all alluvial and terrace 
lands were divided into groups of similar soil, topographic and 
related features in such a way that they would best lend themselves 
to analysis. The standards used for the land classification are 
presented in table 1. °, 
» « . 
% 
o 
o o o 8 
o 
U2 
O 
o ° o * 
° O O O 
Table 1. Standards for land classification (MR&T) 
Land 
class Description * 
l; îlne textured, very slowly permeable", -_poorly-drainfed soils. 
Bottom lands of Arkansas, Red and Mississippi Rivers (Sharkey, 
Alligator, Perry, Portland, Miller soils)» 
2, Moderately fine textured, somewhat poorly-drained soils. Bottom 
lands and low terraces of Arkansas, Red and Mississippi Rivers 
(Dundee, Tunica, Commerce, Lonoke, Yahola soils), 
3. Pine and coarse textured, very slowly permeable, poorly-drained 
soils intermingled with excessively-drained soils. Bottom lands of 
Mississippi River (Sharkey, Clark and Sharkey, overwash phase soils), 
U. Medium textured, moderately well- and. well-drained soils. Natural 
levees or low terraces of Arkansas and .Mississippi Rivers (Dundee, 
Dubbs, Bosket, Lonoke soils). 
5, Medium textured, moderately well- and well-drained soils. Bottom 
lands of Arkansas, Red and Mississippi Rivers (Commerce, Robinson-
ville, Yahola, and small inclusions of Mhoon soils), 
6, Medium and moderately fine textured surface soils (12" or less thick) 
overlying poorly-drained clays. Bottom lands and natural levees or 
low terraces of Mississippi River (Forrestdale, Alligator, Mhoon, 
Sharkey, overwash phase soils)» 
7. Medium textured, moderately, well- and somewhat poorly-drained soils. 
Bottom lands of tributary streams (Collins, Hymon, Shannon, Vicks-
burg, Ina, Falaya soils), 
8, Medium and moderately, fine textured, poorly- and somewhat poorly-
drained soils. Bottom lands and terraces of tributary streams 
(Waverly, Beechy, Ina, Falaya, Bfittain soils), 
9, Medium textured, well- and moderately well-drained soils. Loess 
terraces (Lintonia, Dexter, Pearson, Richland, Freeland soils), 
10. Medium textured, poorly- and somewhat poorly-drained çoils with 
fragipans and clay pans. Loess terraces (.Olivier, Calhoun, Carroll, 
Crowley, Lafe soils), 
O - 6 
11. Medium and moderately coarse"textured, well-drained.soils. Bottom 
lands and natural levees or low terraces of Arkansas, Red and. 
Mississippi Rivers (Beulah, Robins on ville, Crevassee, Lonoke,, 
Clark, Gallion, Pulaskie soils), 
12. Coarse textured, excessively-drained soils. Bottom lands of Arkan-
sas and Mississippi Rivers (Clark, Crevassee. Pulaskie soils). 
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The 11 m-fbs of project boundaries « » 
° ° « 
The area to be evaluated in each sub-project wàs delineated 
= 
into zones for purposes of analysis. These zones, designated as 
zones A, B, and C, defined the area of -project effectiveness and 
the kind of benefits to be realized from project development. The„ 
A zone in each sub-project was defined as the zone that was free. 
from any flood hazard. Benefits in the A zone were to be evaluated 
as those attributable to drainage only. All land in this zone was 
situated above the high water contour of the flood of record. 
The B zone included all land between the maximum flood contour . 
and the three-year flood frequency contour. Land in this zone would 
benefit from both flood protection and drainage. 
Land in the C zone was situated below the three-year flood 
frequency contour. This land was considered to be permanently wet 
and would not benefit from drainage development. ' The C zone was 
designated as a sump area in each sub-project. 
In addition to the delineation of zones, each major stream 
within a sub-basin was divided into reaches. .Each stream reach 
was evaluated independently by the Department to enable the Corps 
of Engineers to better determine by .economic analysis the best scale 
of project development for each sub-basin. . 
Major land use 
Acreages of open land, woodland, watered area, and urban area . 
° 
were provided the Department by the Corps of Engineers. In many 
> o 
hk° 
cases, because of woodland conversions since the date the aerial 
0 
° o 
photos available to the Engineers were taken, it was necessary to 
revise the open and wooded area data. Thèse.revisions were made in 
the field by the Department- of Agriculture. 
' Present cropping patterns ' • ' 
Although not used directly in the project analysis,- present 
cropping patterns were obtained as a matter of information and to ' 
serve as a point of reference in making estimates of future cropping 
patterns. Cropping 'patterns were obtained by land classes. The line-
transect method of sampling was used to obtain the cropping data. This 
method consisted of driving through a sub-project area following roads 
that were perpendicular to the drainage. The roads were driven at 
suitable intervals (every two, three, or six miles, depending upon the 
length of the drainage area). Stops were made approximately every 0,2 
mile &nd information concerning crops grown was recorded on the cor­
responding land classes delineated on quadrangle sheets. At the same 
time cropping information was recorded, information concerning drainage 
was also recorded on the field sheets. From-this information the extent 
of sufficient existing drainage by land classes was ascertained. 
Future-cropping patterns 
Cropping pattern estimates for with- and without-project' conditions 
were based on the composite judgment of technicians familiar with each 
sub-project area. In making the estimates consideration was given to 
0 O O o ° 
trends in land use within the ar5a°or within similar areas (similar 
O 
o 
with respect to soils)» ° „ 
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Estimates of cropping patterns were based on the following 
00 o 
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assumptions : (l) No acreage cpntrôls or production controls would 
o 
be irr effect in the future; (2) advances in technology would allow 
farmers to apply those practices necessary to successfully till 
. -
hard-to-oanage soilsj (3) farming would be highly mechanized; and 
(U) the percent of cropland used for the production of the higher-
value crop's - cotton, rice, soybeans, and corn. - would increase in 
proportion to the amount of land drained. These crops, however, 
would always be grown in rotation' with .small grains and such sod-
forming crops as grasses and legumes. 
Estimates of future land clearing 
Estimates of the amount of land clearing that would be accomplished 
without the project were based on present development experienced in 
each sub-project area. In some sub-project areas where agriculture was 
already well developed and land clearing had been going on at a rapid 
pace during the previous few years, it was estimated that most of the 
existing woodland would be cleared without the project. In other 
areas, which were poorly developed agriculturally and where .the • 
likelihood of much development without the project was remote, little 
land clearing was anticipated. 
Size of woodland holdings and whether woodland tracts would be 
dedicated to woodland production°or to wildlife uses were also con­
siderations in estimating whether woodland would be cleared. * In all 
cases it was assumed that land clearing would progress directly with 
0 % 0 
drainage in those areas where land drainage would necessarily pre- . 
cede land development. 
Crop yields 
All estimates of crop yields were made, on the basis of flood-free 
conditions; that is, they were those yields experienced during years . 
of normal precipitation but no- flooding. In some areas, in Arkansas 
and Louisiana,- estimates of present flood-free yields- were available 
from prior studies made for the Arkansas-White-Red River Basin evalua­
tion which was completed in 1955. These yield estimates were reviewed 
and retrised where revisions seemed warranted. In other areas, where 
previous estimates of crop yields had not been made,, field schedules 
were taken to obtain yield information by land classes. 
Estimates of yields for the without-project condition were made 
by adding, to estimated present flood-free yields the increment expeqteql 
from technology in the future. Increases in yields due to 'technology 
were estimated by technicians of the Department of Agriculture with 
the aid of. State Colleges in the area. Estimates of flood-free yields 
for the with-project condition-were made by adding to the estimated 
flood-free yields for the without-project condition the increment 
that would'.result from drainage. The estimate of the yield increment 
due to drainage was formulated by interviewing farmers who had in­
stalled drainage systems in the last several years, supplemented by 
° 
judgment of technicians in the area. 
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Cost of farm drainage systems„ . 0 
The extent of the need for agricultural drainage for all sub-
projects was directly determined from basic tabulations of land 
.classes. Acreages of all yret- land were tabulated by land clas'ses, 
with overflow phases and significant topographic phases tabulated 
separately. This provided an inventory of the present extent of 
wet land needing drainage and also the present extent of drained 
lqind and land not needing drainage. 
Estimates of the amount of land to be drained without the project 
were made by projecting present drainage trends into the future. Esti­
mates of the amount of land to be drained with the project vrere made by 
estimating the percent of wet land that would participate in the drain- -
age project. From the total acreage of existing wet land was subtracted 
the acreage estimated to be drained without the project. To this result 
was applied the percentage of land anticipated to participate in the • 
project. This gave the net amount of wet land to be drained'with the 
project. 
The cost of construction of farm drainage systems was determined 
by applying the estimated cost of dirt'moving to the necessary amount 
of excavation required for construction on each class of land. The 
amount of excavation required was assumed to vary by land class and 
by type of crop grown. The annual equivalent cost of all farm drain­
age installations was computed by using amortization periods as 
determined by the estimated appropriate length of useful life and a 
5 percent ihterest rate°°for financing private0 investment. 
O 
o 
W " 
o o o 
•  c  .  
The guides established by the Department for estimating farm 
. ° 
drainage costd for land class 1 are presented in table 2» Guides 
for other land classes followed the same procedure-with different 
quantities required for some land classes. Guides for land class 1 
are presented here only as an example of procedures used to estimate • 
farm drainage costs. 
Cost of group drainage systems 
• A reconnaissante of the existing group drainage facilities was 
made in each sub-project area. All group drainage facilities required . 
for the proper drainage of each sub-project area were investigated. In 
making the reconnaissance, existing drains and extent of existing drain­
age facilities requiring renovation and extension were mapped on quad 
sheets. Construction cost of the required renovation, extension, and 
construction of new group drains was estimated by the Department of 
Agriculture. The estimated cost was then converted to an annual equiva­
lent by applying an interest rate of 3 or 32 percent over an amortization 
period of from 10 to 50'years. The interest rate used in any given area 
was estimated from past experience of drainage enterprise financing 
in the area under consideration. 
Conmodity prices and production costs 
The projected prices and costs used.in the evaluation of MR&T 
projects were based on an all-product index of 235 for prices received 
by farmers (1910-lU =100) and an index of 265 for prices and rates paid 
by farmers (1910-lU=100),0inciuding items used in production, interest, 
Table 2. Guides used for estimating farm drainage costs - land class 1» 
General 
land use Cropland Pasture Rice 
Field drains, feet 
per acre . 150 55 0 
Specifications of 12" deep • 12" deep ' -
field drains 3?1 s.s. 3:1 s.s. 
Field laterals, 
feet per acre 30 30 55 
Specifications of 2*5' deep 2' deep 21 deep 
field laterals 3:1 s.s. it:1 s.s, 2:1 s.s. 
Farm laterals, feet 
per acre (U1 bottom, 
3.' width, l|:l s.s.) 10 10 10 
Cost per acre of 
structures .2,50 2.50 2.50 
Vegetation of field 
drains, cost per 
acre 1,00 0 0 
Land smoothing, cost 
per acre - 7.50 
Clearing right-of-way 
cost per .acre . 0.25 0,25 ' • 0,25 
Maintenance cost, percent 
of construction 15 • 3 5 
50 
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taxes and»wages. These general levels were established by the 
Department in 1957 for use ih evaluating-work plans for watershed 
protection and flood prevention projects and river basin development 
projects. 
The projections were assumed to represent the level of prices 
that may be expected to preyail'over an extended period of years under 
assumptions of relatively high employment, a trend toward peace,•con­
tinued population and economic growth and a stable general price level. 
Under such conditions, the general level of prices received by farmers 
and cost-price relationships, were not expected- to be much different from 
those prevailing in'the period 1953-55• The projections used imply some 
improvement in agricultural cost-price relationships from 1955 levels, 
reflecting the existence of large surpluses of some Commodities and the 
possibility for somë easing in industrial prices which could come from 
an enlarged industrial capacity and increasing competition. The pro­
jections also took into account recent changes that have occurred in 
supply and requirement expectations of particular crops. In general, 
the projected prices used reflect the long-term levels that, might 
reasonably be expected with production and requirements in balance 
under competitive conditions. 
. Production costs used in project evaluations include all opera­
tional costs and overhead and management charges required to attain 
yield levels used in the analysis. Land charges were omitted from 
othe cost analysis» . 
»0 51 » 
- . . 
o . 
In developing the cost data, separate Qestomates were made-of 
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o 6  o 
specified, overhead and management costs. Specified costs were 
0 I * 
divided into preharvest and harvest costs. 
Crop"production costs used in the evaluation were developed in 
the field, based;on research studies of large and small-cotton farms 
in the Yazoo-Mississippi Delta of Mississippi and of commercial rice 
farms in the Grand Prairie Area of Arkansas. The most adequate data 
available within the Delta on which to base reliable production cost 
estimates were partial farm budget analyses of these large and small 
cotton farms and commercial rice farms. It was recognized that all 
sizes of farms having'different types of farm organization existed 
in the Delta. The budgets on which cost data were based, however, 
were assumed to be representative of "average" conditions and to be 
an adequate basis for production cost estimates. 
The original- budgets from which the cost data were developed 
were made for farms that were considered to be well-managed, well-
drained, and highly productive. Overhead costs on these farms were 
assumed to be the maximum required. It was recognised that overhead . 
and management costs shown in these budgets were not representative 
of farms having a lower level of productivity" and operated at & lower 
level of management. Therefore, using information from the original 
budgets, observations made in several project areas in the Delta, 
information obtained in the Delta relative to prices paid farm 
° 
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Specified costs are defined as those farm costs which pertain 
exclusively to a specified enterprise.0 „ 
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managers (including perquisites and bonuses), and fronî information 
obtained, from representatives of the Farmers Home Administration, 
• o ' 
U. S0 Department of Agriculture, relative to minimum overhead 
requirements for farms of lovr productivity^  adjustments were made 
in the farm budget costs to reflect a lower level of .productivity 
and management. 
The overhead costs at the 1955 level for the two cotton farm 
budgets are given in table 3. 
Table 3. Overhead costs on cotton farms in the Yazoo-Mississippi Delta. 
Item of overhead Large farm Small farm 
dollars dollars 
Building depreciation 500 89 
Building repair and maintenance 750 1U0 
Taxes (excluding land tax) 170 19 
Insurance 5oo 85 
Overhead labor: strawboss 1,200 . -
shopman 2,800 
bookkeeper 360 -
unallocated labor 1,500 100 
Tractor and machine use (unallocated) 750 -
Transportation 900 • 180 
Interest on operating capital © 5% 1,500 . 125 
Miscellaneous expenses 500 
Total n,U3'o 
GO CO r
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Since low-yielding farms commonly operate at a lower -level of over­
head costs, the costs presented in table 3 were reduced, item by item, 
to an estimated minimum for the marginal operators. The minimum over­
head costs assumed for the cotton farms were S3,770 for the large farm 
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and $310 for the small farm. Allocation of overhead costs to specific 
crops was generally based on the ratio between each crop's specific 
cost "and the total specified cost for the farm. A minor deviation 
° 
from this "procedure was made in the cage of cottons The relatively, 
« • 
high specified cost for cotton appeared to have caused a dispropor­
tionate share of the total farm overhead to be charged to cotton 
and therefore, an adjustment in the allocation of'overhead charges 
was made by the Department. 
For example, the original allocation of total farm overhead to 
individual crop enterprises based on specified costs on the large 
high-producing cotton farm was as follows: 
Cotton 80.L percent 
Corn • It.2 
Soybeans . 6.9 
Oats 5.1 
I<espedeza hay. 3  o h  
Total • 100.0 
After adjustment of the cotton overhead, the allocation to indi­
vidual crop enterprises was as follows : 
Cotton 77*9 percent 
Com Ù.7 • 
• Soybeans 7.8 
Oats . 5*8 . • 
Lespedeza hay 3*8 
Total 100.0 
After* adjusting the 1955. costs to the projected price level the 
overhead cost.per acre of each crop grown was"estimated. 
Management charges were estimated by farm size at the high pro­
duction level for the entire farm. These estimates were based on 
experience in the Delta and on farms and plantations where most, or 
0° » e o 
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oall, of the management decisions are made by hired farrS managers" 
or superintendents. It was assumed.that no legitimate charge for. 
management could be made *at a production level where specified costs 
plus overhead costs equalled gross return. In other •srords, the 
opportunity cost of management on the marginal farm was considered 
to be the cost of labor wages, and therefore the operator was re­
munerated for- his management by the prevailing wage rate. The 
allocation of management charges to individual crops was made in 
the same manner as the allocation of overhead charges e 
Differences in specified production costs resulting from differ­
ent scales of operation were estimated from the two farm budgets 
representing large and small farms. .Because usable research data 
were developed across soil lines, production cost data developed for 
use in evaluating MR&T projects were assumed to be • applicable to an 
land classes. 
The analyses of with- and without-project conditions required a 
single estimate of production costs per acre for each crop for each 
yield level use#. For this reason, it was necessary to derive a. 
composite cost schedule which would represent estimated farm sizes 
in the area evaluated. Extensive observations • in 'different areas 
in the Delta suggested considerable variation in farm sizes between 
sub-projects, 
„ 
In making the required combination of cost schedules the follow-
o 
ing guides were used as means for projecting farm sizes : 
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1, Large farms were assumed for all new crop and pasturejand 
„ converted from woodland. 
2. All crop and pastureland now operated in large units was 
considered as remaining in large units. 
. 3. For land now farmed in small units, the extent to which they 
might be combined into larger farm operations was estimated on the 
basis of recent trends and observations in each sub-project area. 
U, In all cases an expansion in farm size was considered in- • 
evitable; however, relatively small changes were anticipated in those 
areas where there is now a predominance of highly-developed, well-
improved small farm units. 
5. Conversely, a large and rapid expansion in farm size was 
anticipated in areas where there is now a predominance of under- " 
developed, poorly-improved .small farms. 
Budgeting to determine net return 
' Net returns with and without the project were estimated by the 
Department of Agriculture by using partial budgets developed for each 
stream reach. That is, partial farm"budgets were used to estimate 
net farm income for each acre of a specified land class and the per 
acre net returns were then applied to the entire acreage of that 
land class within a stream reach. Cropping distribution and yields 
° „ ° 
were estimated and total production, costs and gross returns were com­
puted on a per acre basis over the entire reach. In these budgets, 
0 ° 
developed for each zone in each of the reaches, the amount of land 
•• . . 
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o o ° 
drained (in the B zone*) and the amcaant of land^irrigated (in both 
°  o  °  ° \  0  °  
A and B zones; were considered. Yields and costs were weighted » 
0  o  
in proportion toc the amount of land drainêd'and irrigated. The 
1 . 
weighted yields and costs were then applied in the budgets. 
Prior to development of the budgets, an estimate was made of 
the amount (percentage) of land that would be in large and small 
farm units with and without the project.• From these percentages the 
cost of production for each crop was estimated. Farms of 280 acres 
of less vrere•considered to be small farms while farms over 280 acres, 
were classified as large farms.' 
Results of U.S.i)0Ao Evaluation Proçedures 
Changes in major land use 
Estimates made by the Department of Agriculture indicated that 
without the project k2 percent of the total land in the Boeuf-Tensas-
Macon Sub-basin would be open land find $8 percent woodland. This 
would be an increase in open land of $ percent over the present. 
\fhile the procedure uSed by the Department to determine net 
return is referred to in this study as the budget method, it was not 
budgeting as the term is defined in this report. In the determination 
of net return for each land class within each zone of a given stream 
reach, a cropping distribution was assumed. This cropping distribu­
tion was applied to the total acres of land of a given land class 
within the reach. Multiplying the total acreage assumed for each 
crop by the estimated yield for thfe particular land class and by the 
estimated cost "of production per acre for each crop at the assumed 
yield level-gave the total production and total cost respectively. 
Gross income of each crop was computed -by multiplying total pro­
duction by price of the commodity. Theo net return computed was not 
the result of conventional economic analysis, even though the cost °o 
data were developed from research studies based on farm budgets. 
* 
o 
o 
o 
o o 
o 
Increases in open land were estimated to be the same in %q,th the A 
° 
anâ B zones, namely, 5 percent. 0 
The Department" estimated that with the project 59 percent of . 
the total land evaluated in the sub-basin v/culd be open land and 
Ul percent woodland, an increase in open land"over the present of 
„ 
22 percent. In the A zone it was estimated that 8U percent of all 
land would be open land with the project, an increase of 9 percent 
over the present. In the B "zone, 53 percent of all land was 
anticipated to be open land, an increase of 30 percent .over the 
present, 
In the-C zone no increase in open land was expected either with 
or without the project. 
Changes in the drainage pattern 
The Department estimated that k3 percent of all open land would 
•be drained without the project. Compared to 22 percent of open land 
drained at the present time this would be an increase of 21 percent.• 
In the A zone it was estimated that $6 percent of all'open land would . 
'be .drained without the project. • Compared-to 27 percent at present this 
would be an increase of 21 percent! In the B zone 16 percent of all 
open land was expected to bs drained compared to 11 percent at the 
• 
present time. 
The Department estimated that 8U percent of all open land in 
the area would be drained with the project. This would be a 62 per-
„• ' 
cent increase in open land drained over the present. Ninety percent 
o o 
of the totalgopen land in the A zone" and 80°percent in the B zonê was 
o= e 6 °° 
o o 
i © 0 ° 
° o * 
o 
o 
0 
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expected to be drâined -with the project. These are increases of 
63 .and 69 percent respectively over the present. _ 0 
No increase in amount*of open land drained was expected in the . 
The Department anticipated that with the project there would be 
a total of about 7Ul>P00 acres of open, land in the Boeuf-Tensas-Macon 
Sub-basin, Of this amount about 225,500 acres would be drained with­
out the project, including the acreage already drained and land that 
does not need drainage. A total of about 117,200 acres were not 
expected to participate in the drainage program, remaining as wet 
land with the project. This left a total of 393,300 acres available 
for drainage with the project, of which it was estimated that 362,500 
acres would be drained and 35,800 acres would be devoted to such non­
productive uses as roads, farmsteads, lots, and rights-of-way that 
would not be drained. 
Future woodland conversions 
Based on the projected present trend in land conversions the 
Department estimated that about 55,800 acres of woodland would be 
converted to open land in the Boeuf-Tensas-Macon Sub-basin without 
the project. 
With the project about 2lU,U00 acres of woodland were expected 
to-be cleared, leaving a total of about 522,LOO acres of woodland 
remaining in the sub-basin. Of the 211|,U00 acres expected to be 
cleared with the projêct, 175,300 acres were anticipated to 
C zone either with or without the oro.iect. 
o 
o o 
o o o 
o 
o 
o Oo 
o 
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participate in the drainage program; 39,100 acres remaining as, 
undrained open land. ° 6 
The estimated changes in major land use and in the drainage 
•pattern for all land in the Boeuf-Tensas-Macon Sub-ba^iç ere shown 
in table U, and estimated changes in major land use and in the per­
centage of open land drained for all land in the area are given in 
table 5. . 
Changes in crop acreage and output 
Analysis of changes in crop acreage by land class as estimated 
by the Department of Agriculture showed a substantial increase in 
acreage of most crops as a result of drainage. These increases ranged 
from 19 percent for cotton to 269 percent for oats used for supplemental 
pasture and grain on all land classes* 
Analysis of estimates made by the Department showed that not all 
crops increased in acreage on all land classes with the project. For 
example, cotton increased in acreage on land classes 1, kr and 5, and 
decreased on land classes 2, 9, 10, and 11. The expected change in 
acreage of cotton ranged from a decrease of U8 percent on land class 
9 to an increase of 123 percent on land class 1. Rice increased in 
acreage on land classes 1, 2, and 6, and decreased on land class U. 
The change in rice acreage ranged from a decrease of 1*0 percent on 
land class h to an increase of 65' percent on land class 1. Corn -was 
anticipated to increase in acreage on all lane} classes on which corn 
o 0 
was expected to be grown» The acreage of .oats grown for gi?ain and 
Table U. Major land use and drainage of the various -land classes in all zones. 
Item and condition 
Land class 
T 10 11 12 Total 
O ° O Present condition: acres acres 
Existing open land 112937 72707 
Not needing drainage 0 0 
Already drained 18786 17006 
Total not needing drainage • 18786 17006 
Open wet land 9Ul5>l 55701 
Woodland 661521 17325 
Total land 77l*l*58 90032 
acres acres 
7936 137814). 
0 0 
5U0 hl603 
51*0 1*1603 • 
7396 962kl 
875 21000 
8811 1588bh 
acres acres acres acres acres 
560 521 23782 86302 26709 
0 0 0 ' 0 5077 
• 0 0 1825 .11355 7631 
0 ' 0 1825 11355 12708 
560 521 21957 7k9k7 11*001 
727 UlU7 1997 81*097 816 
1287_ U668_ 25772. 17Q399_ 275.25 
acres acres 
lW*l* 1*7071*2 
1201 6278 
197 9891*3 
1398 105221 
U6 365521 
105 792610 
l£l*9 1263152 
o o 
Existing open land 112937 72707 7936 13781*1* 560 521 23782 86302 26709 11*1*1* U707U2 
Woodland conversions 31812 3396 778 6950 651* 10 763 11171 21*1 0 55775 
Total open land 1WU9 76103 871k ll*l*79U ' 1211* 531 21*51*5 97U73 26950 lUUl* 526517 4 
Not needing 'drainage 0 • 0 0 0 0 0 0 0 5077 1201 6278 
Already drained 18786 17006 51*0 1*1603 0 0 1825 11355 7631 197 9891*3 
« To be drained '61*69 5iau 1931 75966 0 20 6671 10123 13616 1*6 120256 
Total not needing drainage 25255 221*20 21*71 117569 . .0 20 81*96 211*78 26321* 11*1*1* 2251*77 
Open wet land 119U9U 53683 621*3 - • 27225 1211* 511 1601*9 75995 62& 0 31001*0 
0 Woodland 629709 13929 ' 97 11*050 73 1*137 1231* 72926 575 105 736835 
Total land _77UU58 _90032_ 88ll_ 1588W*_ 1287_ U668_ 25779 170329, 272£ J.SU2 1263252 
With projects 
Existing open land 112937 72707 7936 13781*1* 560 521 23782 86302 . 26709 il*l*l* 1*7071*2 
Conversions without project 31812 3396 778 6950 651* 10 763 .11171 21*1 . 0 55775 
Conversions with project 160501 8353 10 6755 0 252 759 37810 0 0 ô .211*1*1*0 
Total open lajid 305350 81*1*56 8721* 1515U9 1211* 783 25301* 135283 26950 11*1*1* 7.1*0957 
Not needing drainage 0 0 0 0 0 • 0 0 0 5077 120Î 6278. 
Already drained 18786 17006 51*0 1*1603 0 0 1825 13355 7631° 197 9891*3 
Drained without project 61*69 51*11* 1931 75966 0 20 6671 10123 13616 1*6 120256 
o To be drained with project 212352 51*167 5126 21*292 728 1*21* U*529 86309 1*02 0 393329 
Total drained land 327607 76587 7597 ll*l86l 728 1*1*1* 23025 107787 26726 11*1*1* 623806 
Open wet land 6761*3 7869 1127 9688 1*86 339 2279 27U96 221* 0 117151 
Woodland 469208 5576 87 7295 73 3885 1*75 35116 575 105 522395 
Total land 77UU58 90032 8811 15881*1* 1287 1*668 25779 170399 27525 151*9 1263352 
§ 
8 
o  O  o 
Table 5. Major land use and drainage characteristics of land classas; present, 
without and with project 
Land 
class Condition 
Total 
land 
acres 
Open land Woodland Drained open land Wet onen land 
Acres Percent Acres Percent Acres Percent Acres Percent 
1 Present" 7710*58 112937 15 661521 85 18786 17 9ia5i 83°" 
Without project 77UU58 Il0*7k9 19 6297Q9 81 25255 17 „ II9I49U 83 
With project 7710*58 305250 39 - 1*69208 61 2376707 78 6761*3 22 
2 Present 90032 72707 81 17325 19 17006 . 23 55701 77 
Without project 90032 76103 • 85* 13929 15 221*20 29- 53683 71 
o 
With project 90032 810*56 9k • 5576 6 76587 91 7869 . • . °9 
k Present 8811 7936 90 875 10 5Uo 7 7396 93 
Without project 8811 871U 99 97 ' 1 . 2L71 28 621*3 72 
With project '9811 • 872k . 99 87 1 7597 87 1127 13 
5 Present 158810; 137810+ 87 21000 13 I1I603 ..30 9621a 70 
Without nroject 15881*1* ll*l*79l* 91 lllOSO 9 . 117569 81 27225 19 
» With project 158810* 15151*9 • • 95. 7295 5 1I4I861 9k 9688 6 
6 Present 1237 56o 1*1* 727 56 0 . 0 560 100 
Without project 1287- 121)* 9h • 73 6 0 0 121k 100° 
s 
.With project 1287 1211* 9h 73 6 728 6D 1*36 1*0 
8 Present 1*668 521 11 1*11*7 89 0 0 521 100 
Without project 1*668 •531 11 1*137 - 89 20 k 511 96 " 
With project 1*668 783 17' 3885 83 100* • .57 339 1*3 
Table 5. (Continued) 
Land 
Total 
land Open land Woodland Drained open land Wet open land,, 
class Condition acres Acres Percent Acres Percent Acres Percent Acres Percent 
° °o 9 Present 
Without project 
With project 
- 
0 
25779 
25779 
25779 
23782 
2U5U5 
2530k 
. 92 
• 95 
98 
1997 
123k 
k75 
8 
5 
2 
1825 
8k96 
23025 
8 
35 
91 
21957 
I60k9 
2279 
92 
. 65 
9 
6 
O O 
10 Present 
0 Without project 
"With project 
0 
170399 
170399 
170399 
86302 
97k73 
135283 
51 
57 
79 
8k097 
72926 
35116 
k9 
k3 
21 
11355 
2lk78 
107787 
7 
.22  
80 
7k9k7 
75995 
. 27k96 
93 
78 
» 20 
O 
O 
11c Present 1 
i Without project 
With project 
27525 
27525 
27525 
• 26709 
26950 
26950 ' 
' 27 
98 
98 
816 
575 
575 
3 
• 
12708 
2632k 
26726 
• » 
k8 
98 
. ° 816 
626 
22k 
O 
52 
2 
1 
O 
S 
o 
12 Present 
Without project 
With project • 
1 5k9 
l5k9 
15k9 
lkkk 
Ikkk 
lkkk. 
93 
93 
93 
105 
105 
105 
7 
7 
7 
1398 
lkkk 
•lkkk 
97 . 
100 
100 
k6 
0 
0 
3 
0 
0 6 0 
e All Present 1263352 
land Without project 1263352 
° With project 1263352 
' k7O7k2-
526517 
7k0957 
37 
hZ 
59 
792610 
736835 
522395 
63 
. 58 
kl ' 
105221 
225k77 
623806 
. 22 
k3 
8k 
•365521 
30i0k0 
117151 
78 
57 
. 16 
* 
O 
• e * 
© 
«supplemental pasture was increased on all land classes on which oats 
were estimated to be grown. Grain sorghum acreage was oincreased on 
land class 1 and decreased on land class 2. Pasture increased in 
acreage on land classes 1, 8, 9, 10, and 11, and decreased"on land 
. ° 
classes 2, U, and 5, 
° These changes in crop acreage Were'attributed primarily to 
i » • 
.drainage. Some of the soils after drainage were considered to be 
better adapted to certain crops than were the stfils on which those 
crops were predominantly grown withou,t drainage. It is apparent 
from table 6 that the acreage of all crops was substantially in­
creased on land class 1 after drainage. This was primarily because, 
in the undrained state, land class 1 was largely devoted to woodland 
production. 
Net benefits in the evaluation made by the Department are based 
on the difference between the with- and without-project conditions. 
An important consideration that seems to have been neglected in the 
evaluation is the difference in the agricultural economy between the 
present and the future without-project conditions. Analysis of the 
data presented in USDA reports indicated that an insignificant differ­
ence in cotton acreage was anticipated even though no production con­
trols were assumed in the future. With a much lower cotton price and 
a considerably lower net return per acre from cotton without the 
project, this would indicate that cotton production was unresponsive 
to price change. This study questions the" validity of the assumption 
of an insignificant change- in cotton acreage if production restrictions 
were removed. To hold the percentage of land in cotton constant when 
as a crop it takes a decided drop in net return per acre relative to 
other crops, and at the same time is a strong competitor for resources 
used in production, is not consistent with maximization of net profit• 
for the farm. 
o 
o 
o 
o Table 60 Changes in crop acreages by land classes due to project drainage; A and B zones. 
° „ Land class ° „ 
Crop • -
1 2 H 5 ^ 8 9 10 11 Total 
Cotton 
Without project, acres 
With project, acres 
Increase in acreage, percent 
Corn 
Without project, acres • 
With project, acres 
Increase in acreage, percent 
Rice 
Without project, acres 
With "project,, acres 
Increase in acreage, percent 
Soybeans 
o Without project, acres 
With project, acres 
Increase in 'acreage, percent 
Oats Qgrain) 
Without project, acres 
° With project, acres 
Increase' in acreage, percent 
5868 5609 1023 4798 46 0 1783 8565 238 27930 
13379 5286 1737 5454 1*6 0 "929 6195 15>5 33221 
128 ' -6 70 14 O 0 -1*8 -28 -18 19 
13362 6996 
37349 12512 
•229 ' 79 
329 3665 d 0 1915 10758 93 35149 
346 4925 0 0 2470 17567 5*7 75266 
5 34 0 0 27 63 4 114 
16705 2221 1234 
27488 ' 2804 737 
65 26 -40 
16004 10367 
67550 14979 
322 38 
0 230 0 0 
0 295 0 0 
0 -28 0 0 
696 3294 
468 7605 
-33 131 
9469 7413 312 3474 
40179 9406- 346 7508 
324 • 27 11 116 
0 . 0 20390 
0 0 31234 
0 0 54 
52 0 1615 7980 
52 0 2100 16745 
0.0 30 110 
42 40550 
80 109579 
90 170 
0 0 3129 10115" 65 33977 
0 0 3550 23603 . 72 84644 
0 0 13 133 11 • 149 
£ 
O o 
Table 6. (Continued) 
Land class 
1 2 1* 2 6 8 ? 10 11 Total 
Oats (supplemental pasture)* 
Without project, acres 
With project, acres 
e Increase in acreage, percent 
3962 
27566 
596 
nil 
' 69 
312 11*71 
346 4470 
11 204 
0 
0 
0 
0 
0 
0 
1121* 
1105 
. 28 
3322 
10855 
221 
iS 
>7" 
O 
O 
13721 0 
50628 0 
26 9 
Grain sorghum 
Without project, acres 
° With project, 'acres 
Increase in acreage, percent 
65 4 
• 2003 
206 
237 
167 
-30 
0 0 
123 . 0 
a/ . 0 
33' 
33 
0 
6 
0 
0 
0 
0 
0 
. 0 
0 
0-
0 
0 
0 
924 
2326 
152 0 
Permanent pasture . 
Without project, acres 
With project, acres 
Increase in acreage, percent 
25925 
44936 
73 
'12537 
96 ik 
-23 
779 8209 
• 691 k22k 
-12 -49 
196 
196 
0 
277 
511 
8U 
4569 
4995 
9 
20106. 
22596 
12 
84 
95 
13 
72682 
87858 & 
21 ® 
* Duplicated acreage, double cropped with oats, 
a/ Infinite* 
o 
o 
o e ° o O 
O 
66, 
° 
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A considerable increase in production of all crops was antici­
pated "by the Department of Agriculture with drainage » Even though on 
• « 
some land classes0there was a considerable reduction in acreage, pro-
» 3 o 
ducticn vras increased. This ?rss true of all .crops except" rice on land 
• 
6 
• 
class u which was expected to have a reduction in acreage of UO percent 
and a'cooresponding reduction in production of 32 percent. Soybeans 
were also expected to have a decrease in both acreage and prdductioh 
on land class U» ' ' 
As in the case of the estimated increase in acreage, the greatest 
anticipated increase in production of all crops was expected to occur 
on land class 1. Estimated increases.in production on land class 1 
ranged from 85 percent for rice to 1138 percent for beef produced oti 
oats supplemental pasture as shown in table 7 » . The increase in overall 
production of all crops due to drainage was estimated by the Department 
to be ~l)|i| percent. This estimate was based on the increase in gross 
value of production with the project over the without-project condition. 
Increase in net return 
The total net value of production with the project was estimated 
by the Department of Agriculture to increase 210 percent over the 
without-project condition for the entire Boeuf-Tensas-Macon Sub-basin, 
Gross value of crpp production was estimated to increase iWi percent 
while costs of crop production were expected to increase 117 percent. 
Overall net value of production by land classes was anticipated to 
range from an increase of 67 percent on land class 9 to 335 percent 
Table 7. U.S.D.A. estimate of changes in crop production due to drainage, by land classes -
A and B zones 
Land class All 
Crop 1 2 4 5 6 8 9 10 11 land 
Cotton, lbs. lint 
Without project 
With project 
Increase^ gercent 
1377879 
5877135 
327 
1919935 
5877435 
37 
450120 
1229510 
173 
1869300 
3359580 
175 
11040 -
30360 -
17£ - . 
465770 
332285 
-29" 
.2153200 101685 
2590375 126625 
2_ ' 2£ 
. 834892? 
16181150 
94 
Corn, bu. 
Without project 
With project 
Increase^ Dercent' 
294375 
1619873 
450 
238720 
751514 
215 
15134 
20658 
36 
146973 
291620 
98 
48840 
93040 
90 
220380 
676442 
207 
4116 
<6374 
55 
968088 
3459431 
257 
Rice, cvrt. 
Without project 
With project 
Increase^ percent 
504888 
936582 
85 
66630 
97562 
46 
37030 
25709 
- -32 
-
6900-
10325 -
50 -
- -
— 615438 
10?0178 
.74 
Soybeans, bu. 
Without project 
With project 
Increase^ percent 
240715 
2027784 
742 
258028 
586353 
127 
20184 
13572 
• *-33 
8l4l4 
267146 
228 
780 -
1248 -
60 -
37945• 
69395 
83 
123615 
371480 
201 
1040 
2525 
143 
763721 
3339503 
337 
Oats, buo 
o Without project 
With project 
Increase^ gercent 
211873 
1693578 
717 
245502 
556942• 
127 
11232 
17198 
_53 
1329.74 
349102 
163 
110085 
142000 
2 2 
322675 
2565100 
625 
2600 
3600 
. -,J8 
1056941 
3871879 
266 
Table 7. (Continued) " " 
j Land class All 
° Crop ^ 1 2 U 5 6 8 9 10 11 _ land 
» 
Oats supplemental 
pasture, lbs. beef • 
Without project 131250 532875 32760 309620 • - - 276375 503U75 3300 1701530 
With project 5339220 1529855. 55020 ii5i65o - • - 358750 2565100 5500 11005095 
_ Increase^ gercent _ _1138 187 68 .272 - - 30 U09 6% 5H7° 
Grain sorghum, bu,_ 
Without project 31118 6636 - - 627 - - - ° - 18381 
With project UU718 U676 3075 «- 792 - - - . - 53261 
_ Increasegercent 302 1.-30 &/_ - 26 - - - - 1^0 
Permanent pasture, 
lbs. beef 
« Without project U328UU5 271U860 183065 2096255 38220 U39UO 908350 2981785 22950 13320870 
With project . 12889315 3632110 270565 1353120 77^20 110135 1387890 559U6U5 29500 253UJ+730 
Increase, percent 198 3U U8 -35 103 15*1 53 88 29 90 
a/ Infinite» 
O 
o 
. " . 69. 
on land class 1. Acres in each land class, gross value of production,0 
° o 
cost of production, and net return" nith and without the project by 
o O 
land classes are given in tables 8 and 9 respectively. The difference 
o w 5 O 
in gross value of production, coSt of production and differences in "net-
return by land classes an presented in table 10, 
While the increase in estimated net value oT production ranged 
from 63 percent on lahd class U to 335 percent on land class 1, the 
increase in net value of production between crops by land classes showed 
a much greater spread - ranging, from no increase for grain sorghum and 
permanent pasture on land class 2 to infinite increases for grain 
sorghum on land class U and for cotton on land dags 1. 
The total increase in net value of annual production was esti­
mated to be $8,081,1^0. This increase in net value was the result of 
a total private and non-Federal "public" expenditure of $12,1^73,675 
for land conversions, farm drainage systems and group drainage systems. 
Total associated costs estimated by the Department are as follows : 
Land conversion cost . S 8,267,872 
Farm drainage cost 3,933,702 
Group drainage cost 272,101 
Total @12,473,675 
Net benefits from land drainage 
Before net benefits could be computed it was necessary for the 
Department to convert all net returns and associated costs to'a common 
time basis. All associated costs were converted to an annual equiva­
lent basis so they would be comparable to annual net returns However, 
because net returns and"costs have different lag periods to full accrual 
o 
0 
0 
O 
o 
° 0 o 0 
0 » 
0 
0 
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o 
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' T%ble 8. Acres, value of production, cost of production and net return 
by land class for the without project condition. * 
Land 
» Acres Value of Cost of Net 
class production production return 
.• 1 - " 26&637 , S 5568627 $ 4070916 $1497711 . 
2 ° 61719 2740008 1840010 899998 
4 5202 • 398680 311499 87181 
5 33321" 1643483 1125651 517832 • 
6 728 39677 33492 6185 
8 571 9651 5610 4041 
9 15717 640221 448643 191578 • 
10 97U27 . • • 2447577 1818520 629057 
11 610 47282 37455 • 9827 
All land 181962 13535206 9691796. 3843410 
-s-A and B zones only. 
Table 9. Acres, value of production, cost of production and net return 
by land class for the with project condition.* 
Land 
class Acres 
Value of 
production 
Cost of 
production 
Net . 
return 
1 266637 $17991242 $11476252 #6514990 
2 61719 5340549 . 31235U4 2217005 
4 5202 620131'. 478801 141330. 
5 33321 2928149 1901299 1026850 
6 728 - 67635 53215 14420 
8 571 20265 11214 9051 
9 • 15747 . • ' 870553 553592 316961 • 
10 ' 97427 5099536 3432361 1666175 
11 " 610 64284 46516 17768 
All land 481962 33001344 • 21076794 11924550 
* A and B zones only. 
Table 10. Difference in net return by land class. A and B zones. 
Land Difference Difference Difference 
,class Acres .in value of . in cost of in net • . Percent 
• production production return increase 
1 266637 $12422615 .$7405336 $5017279 335 
2 61719 2600541 1283534 1317007 146 
4 5202 221451 167302 510.49 63 
B 33321 1284666 775648 509018 99 
6 728 28958 19723 8235 136 
8 571 10614 . 5604 5010 122 
9 15747 230332 104949 125333 ' 67 
10 °97427 2650959 1613841 1037118 160 
11 610° 17002 °906l 79lil 81 
All land 0481962 19466138 ".11384998 8081140 210 
0 
0 
0 a 
0 0 = 0 
O 
O O 
o 9 o 0 • o ° 
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and also because different interest rates0 pertain to nrivate afnd 
0 ° • 
o o 
non-Federal "public" expenditures, different discount rates were 
used to convert all returns and costs to a common denominator for 
purposes of net benefit computation. In the Boeuf-Tensas-^acon ° 
Sub-basin an interest rate of 5 percent was used for all private 
returns and costs and an interest rate of 3 or percent was used 
for non-Federal "public" (group) drainage costs. 
The total estimated increase in net value of production shown 
in table 10 was from the total production in both the A and B zones. 
In the evaluation of -net drainage benefits all of the estimated in­
crease in net return was considered to be attributable to project 
development. Some of the increase in estimated net return was due 
to expected irrigation made possible by flood protection and drainage 
Part of the increase was due to anticipated increased intensity of 
production occasioned by flood protection; and part was due to ex­
pected drainage development alone.- In the drainage benefits evalua­
tion, all of the increase was credited to drainage> and net benefit 
per acre was computed on a per acre drained basis. ' Table 11 shows 
area drained by land class, discounted differences in net return 
between with- and wi-thout-project conditions, discounted associated 
costs, and the -net benefit per acre drained attributable to proposed 
projects. The Department estimated that the net benefits per acre 
drained would range from $1*23 for land" class 8 to $50.23 for land 
class 11, with an average net benefit per acre drained of $70.8<? for 
the entire sub-basin as shown in table 11. 
Table 11. Benefits from land drainage by land classes; Boeuf'-Tensas-Macon Project, 
Arkansas and Louisiana. * 
Item 
JL 
Land class 
—T 7T 10 11 Total 
Area drained with project, ac. 
Difference in net return, $ 
. 
Farm drainage cost, # 
Group drainage 'cost, $ 
O 
Land conversion cost, $ 
Total associated cost, $ 
Benefit*from drainage, $ 
Benefit per acre drained, $ 
1 193649 48702 4341 23809 655 332 13Î59 77689 99 362486 
2191507 726497 30756 296525 .5116 2746 88754 771828 5102 413.8831 
311578 85836 .7271 47038 1025 343 25350 187034 112 665587 
14298 ' 4621 5582 145 718 8 302 ' 443 0 26117 
0 
369019 50571 0 23846 0 1925 6287 116133 17 567778 
694895 141028 12853 71029 1743 2276 31939.303590 129 1259482 
1496612 585469 17903 225496 3373 470 56815 468238 4973 2859349 
7.73 12.02 4.12 9.47 5.15 1.23 4.32 6.03 50.23 : 7.89 
-#• 
All values are discounted to present worth. Benefits are those attributable tq proposed 
projects and do not inc3.ude benefits attributable to authorized projects. 
^0 oes not include "other" land in nonproductive uses. 
0 73 o ° 
,e O 
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•Analysis of the Department1 s estimates showed that all land 
°o 
classes, when aggregated, gave a positive net benefit. When analyzed 
by stream reaches, however, some land classes in individual reaches 
showed a net loss from project development while others showed an 
insignificant positive net benefit. A relatively wide range in net « 
benefits per acre drained vfas noted within land classes between stream 
° 
reaches. The estimated net benefits per acre drained by land class 
within each stream reach, within the sub-basin varied from minus V2.3U 
to infinity as shown in table 12. 
' 
Net benefits from woodland conversions 
Over the entire sub-basin, U.d.D.A. estimates of land converted 
from woods to pasture showed an estimated average net benefit of *>2.03 
per acre drained. Land converted from woods to cultivated general crops 
showed an average net benefit of .33.'99 per drained acre; while those 
converted from woods to cultivated rice land showed an average net 
benefit of vl.75 per drained acre. 
When analyzed by land classés it was found that estimated net bene­
fits per acre drained, from land converted from woods, ranged from minus 
$0.hS for pasture on land class 10 to il3.00 for cultivated general 
1 
.crops on land class 2. 
% 
On page lU of both reports of the Department of Agriculture to the 
Corps of Engineers on the Boeuf-Tensas-Hacon Project the statement %s made 
that "it is estimated that these" conversions will all be profitable enough 
to be desirable from the standpoint of the owner and operator.'J Analysis 
of the data showed that the increase in net return from land conversions 
were positive for the sub-basin %s a whole. The fact that the increase 
in net return from woodland conversions on some land classes was nega-° 
tive, however, showed that on these land classes the operator of the „ 
woodland would be worse off after making the conversions than before. 
Table 12. U.S.D.A. estimates of benefits^from drainage by land classes in the various 
° stream reaches; A and B zones» . 
Reach 
Land 
class 
Difference 
in net 
annual 
return 
Annual 
farm 
drainage 
cost 
Annual 
group 
drainage 
cost 
Annual 
land 
conversion 
cost 
Total 
annual 
associated 
cost 
Annual 
drainage 
benefit 
Acres 
drained 
Annual 
benefit 
per acre 
drained 
BR-1 1 
2 
All 
BR-1A 1. 
2 
All 
1817 
44i 
2258 
8582" 
1314 
9896 
S 311 
76 
387 
1676™ 
2 21 
1997 
& 0 
0 
A 
0 
0 
0 
S 85 
10 
32# 
ia 
367 
S 
2 '7934 1430 0 658 
5 4828 613 0 439 
9 662 • 118 0 78 
10 4785 1134 0 446 
All 
BR-4A 1 
_ _%oz4_ 
253677 
^%7_ _ 
49000 
• 0 
0 
_ i%4i 
69119 
2 '30396 4825 • 0 3442 
5 39304 8613 • 0 823 
0 8 1370 115 0 1212 
10 19571 3996 0 3903 
11 4228 0 0 17 
All 348546 66549 0 78516 
<60-3 1 0 " 3876 888 " ~ 24" 1082 
5 24896 3708 9k 2670 
8 560 . 157 8 71 
9 33371 9703 277 .1383 
10 0 28121 7116 173 2388 
11 0 78 0 0 0 
All 90902 21572 . _576_ 
_ _7i94 
BM-2 1577 631 91 337 
BM-2A " ™lM9™ 2872" " " "556" " ""1347 
BR-2C - - 93%r ~ • 17^0 0 " "1472 
*A].l values are discounted to present worth. 
396 
- 86 
_ 482 
2002 
362 
_2364 
22720 
2088 
10$2 
196 
1580 
27642 
118119 
8267 
9436 
1327 
7899 
17 
145065 
1994 
6462 
236 
11363 
9677 
0-
29742 
: 105? 
. Jt7?E 
3222 
& 1421 . 
355 
1776 
" " 55&T 
952 
- -I£L39 
5846 
3776 
466 
3205 • 
_ _29432 
145538 
22129 
29868 
43 
11672 
4211 
_ È.03481 
1882 
• 18424 
324 
22008 
18444 
. ' 78 
61160 
_ _ 35181 
-
4387 
1147 
5534 
4127 
867 
• 4994 
14923 
2630 
1263 
252 
2228 
21296 1 
16:82 
1801 
3338 
92 
• 1294 
0 
23001 
4i7 
1643 
147 
4810 
3017 
0 
•10034 
6229 
_2f98 
$ 0.32 0 
. 0.31 
_ 0.32_ _ 
1.59 
1.10 
- 1'%- -
1.08 
2.22 
2^99 
I.85 
6 1.44 
- _ 
8.83 
12.28 
8.95 
0.42 
9.04 o 
infinite0 
" fcli" -
II.21 
2.20 
4.58 
'. 6.11 
infinite 
6.10 
W-2.36 
Table 12. (Continued) 
© o 
o 
Reach 
Land 
class 
Difference 
in net 
annual 
return 
BR-4B 1 . 
2 
O 5 
a 9 
10 
All 
0 0 BR-5~ 1 
0 2 ° 0 5 
° 8 
9 
10 
11 
All 
0 BC-l" 2 
9 ° 
10 
All 
0 BC-2" 1 
2 
°5 
0 
9 
10 
All 
T-ï ~ 0 1 0 2 
5 
All 
0 BM-9" 1 0 2 ; 
All 
#229087 
61581 
84732 
- 1493 
30028 
406921_ 
11811 
5412 
2261k 
816 
5l42 
20541 
796 
67132 
" " ÏÏ1&L" 
, 15019 
268464 
_ 287944 
9172" 
12801 
82892 
33067 
400318 
_ 538250 
Ê66122 
293*880 
17952 
-
5326 
44182 
Annual 
farm 
drainage 
cost 
$45536 
•12829 
13552 ' 
286 
10717 
82922 
' -2Ï5Ô ~ " 
82l 
3103 • 
71 
1061 
4l46 
112 
Ï1464 
" " "693 " 
4479 -
62617 
67791 
" "2^ " 
2327. 
12U03 
9703 
97308 
124300 
" W7Ô ~ ' 
27758 
2035 
79663 ' 
" 1773 ~ 
559 
5332 
Annual 
group 
drainage 
cost 
$ 0 
0 . 
0 
0 
0 
0 
'• 0 
0 
0 
0 
0 
0 
0 
_0_ 
3 
25 
270 
298 
.0" 
0 
0 
"0 
0 
_0 
0" 
0 
0 
0 
" • 0" 
0 
0 
Annual 
land 
conversion 
cost 
$57447 
6020 
3856 
231 
4402 
. 11956 _ _ . 
207% 
744 
2007 
642 
863' 
4362 
0 
10692 
--161 
1426 
35903 
37490 
• 9075 
' 894 
10087 
2306 
64709 
87072 
• 51651 - - : 
22109 
2144 
75904 
• ~ ~ ' 
253 
4669 
Total 
annual 
associated 
cost 
$102983 
18849 
17410 
517 
15119 
154878 • 
' ~ H22h~ " " 
1565 
5110 
713 
1924 
8508 
112 
22156 
- --8%r "" ' 
5930 -
98790 
105579 
• -1I63ST " " 
' 3221 
22490 
12009 
162017 
211372_ _ 
101521 
49867 
4179 
_ 15£567_ _ . 
91%9 
812 
• ' 10001 
Annual . 
drainage 
benefit 
$126104 
42732 
67322 
976 
14909 
. 2%»: _ 
7#7 
3847 
17504 
103 
3218 
12035 
684 
44976 
" " 3602" ' 
9089 
169674 
182365 
: "-2433" ' 
9580 
60402 
21058 
238301 
326878 • 
" 364601" " 
244013 
13773 
622387 
" "29657" 
4514 
34181 
Acres 
drained 
15296 
4078 
5023 
193 
3326 
27916 
"1525 " 
730 
2879 
143 
i2ii> 
3957 *' 
. 99 
"°2§" 
2312 
25193 
27760 
1051 
912 
5265 
4373 
38674 
^027^ _ 
18142 
12468 
1067 
31677 
"6537 
929 
7566 
Annual 
benefit 
per acre 
drained 
$ 8.24 
10.48 
13.40 
5.06 
4.48 
_ £.03_ _ 
4.97 
5.27 
6.08 
0.72 
2.64 
3.04 
6.91. 
_ 4.26_ _ 
14.13 
3.93 
6.73 
_ 6.57 _ 
-2.34 
10.50. 
11.47 
4.82 
" 6.16 
. 6.5o_ _ 
20.10 . 
19.57 
12.91 
19.65 
" ÏÏ.ÏÏ7" " 
' 4.86 
4.52 
VA 
o 
o o 
o 
o 
Table 12. (Continued) 
Reach 
Land 
class 
T-2 
T-3 
1 
2 
5 
All 
1 
2 
5 
Difference 
in net 
annual 
return 
r?BE9 
3269 
67 
81785 _ 
222227 
77537 
192UO 
All 31900U_ 
T-3A 
BM-1 
BM-2B 
BIA-3 
PM-7 
BM-8" 
1 
2 
All 
1 
2 
k 
All 
1 
2 
il 
6 
Air 
l 
2 
All 
1 
2 
All 
1 
2 
All 
527625 
201777 
829U02 
29993 
IO2I4.6 
"16283 
56522_ 
~1I368U 
5132 
lkk73 
5116 
_68Uo5 
9299 
786 
10085 
33237" 
1239 
3kk76 
~5312k~ 
2965 
56089 
Annual 
farm 
drainage 
cost. 
§ 9662 
269 
•6 
35022 
117U2 
3003 
H.9767 _ „ 
S7C13 
16657 
BliO 70 
-7%E - -
3558 
U237 
15661 _ . 
7709 • 
1237 
303k . 
1025 -
13005 
-2ÔL5 ~ " 
325 
2373 
1282 ~ ' 
126 
_Uii08 
6858 
281 
7139 
Annual 
group 
drainage 
cost 
$ 0 
0 
0' 
0 
• 
176 
51 
._68^_ 
0 
0 
0 . 
"5815" 
3352 
3510 
1090 
• 2072 
718 
10236_ 
0 . 
0 
_ J°_ 
0 
0 
_ _°_ 
0 
0' 
0 
Annual 
land 
conversion 
cost 
$125U5 
250 
11 
12806 
" H533Ô 
5k36 
1809 
' If If " w " 
IO33O 
0 
0 
. _ m 
1317 
0 
0 . . 
0 
1317 
• "1285: " ~ : 
9 
_1293 
337E 
59 
' "6^3 
155 
7038 
Total 
annual 
associated 
cost 
? 22207 
519 
17 
_227k3_ 
80808 
1735k* 
1:863 
103025 
152758 
26987 
'179755 
15156 
6910 
77k7 
29813 
"133^2-
2327 
5106 
171*3 
_2k5£8_ 
3332 
3311 
3666 
" 7 636" 
185 
_Z8fa_ 
137ÊL 
k36 
1U177 
Annual 
drainage 
benefit 
t 562U2 
2750 
50 
-5£OU2_ . 
lklkl9 
60183 
1U377 • 
m-
17U790 ' 
6U96U7 
"lu837~ " 
3336 
8536 
26709 
28302 
2805 
9367 
3373 
5967 
1+52 
6ki9 
~2355l" • 
1054 
_26625_ . 
39383 
2529 ' 
U1912 
Acres 
drained 
$10717 
322 
• 59$$ " 
11U36 
3323 
6781 
" 1T57 ~ 
23 ko 
2li50 
- _ 5800 • 
' 995 
1891 
655 
. _ 
2032 . 
' 369 
21*01 . 
" "5902 " 
20k 
_6l06 _ 
973% 
k39 
10173 
Annual 
benefit 0 
per acre 
drained 
'$ 5.25 
,8.5k 
6^25 
- i'.it ~ 
5.26 
k.33 
U.87_ 
_ 
19.37 
25.78 
20.%6_ _ 
3.12 s 
l.k3 
3.k8. 
2.80 ' 
~ H.88- * 
2.82 
k.95 
5.15 
- k«6p_ _ 
2.9k 
1.22 
2.67_ _ 
5.33 0 
5.17 
k.^6 
H.05- * 
5.76 
k:12 
o 
o 
o o 
Estimated°benefits from land converted from woods to pasture, 
o O 
to general cultivated crops and to rice land are given in table 13» 
o 
o 
Table 13. Benefits from-laud, converted from woods and drained with the project; by land classes, 
1 • 2 1* 5 6 
* 
8 10 11 Total 
Drainage benefits from woodland converted to pasture with project 
Acres converted, . 19^69 k%8 S 593 S M 366 395b w 2l*6io 
O 
Difference in net return, $ 183028 31*08 O 571*0 
•• 1 o5l85 1*7867 § 21*5228 
Farm Drainage cost, $ 119L5 276 CO u 1*12 co m U23 1*1*36 •H CO 171*97 
Group drainage cost, » 151* 0 £ 0 g a) 6 * 16 „ S 176 O 
o Land conversion cost, $ 121185 2267 g 1*600 £ 0 0 01*357 16178 § 177587 Total associated cost, $ 133231* 251*3 y 5012 §1*791 1*9630 0 0 195260 
Benefit from drainage, S li97W* 865 s 728 ' s ° 391* -1763 0 1*9968 benefit per acre drained, $ 2.58 2.02 1.23 ~ 1.08. -o.l*5 s 2.03 
Drainage benefits from woodland converted to general crops with project 
» 
Acres converted 
Difference in net return, 
"Farm drainage6 cost, $ 
Group drainage cost, $ 
Land conversion cost, S 
Total associated cost, # 
Benefit from drainage, S 
Benefit peroacre drained,$ 
Drainage 
112651 6501 « 2565. ' w m 275 23533 11*5525 
13851*1*0 137293 R 0 39316 q 0 § 2375 287882 1 1852306 215615 11*11*7 •H CO 1*31*8 • *H •H 352 67681* O0 30211*8 
381 . 18 8 21* l % ' 0 103 CO ° 526 
16568? 12395 S 1*073 % % 330 "58933 ! , 2lal*20 381687 26560 O O 81*1*5 O g 682 126720 & 51*1*091* 
1003753 110733 O 30871 S 0 1693 161162 
0 
1308212 
8.91 18.00 • S 12. ou s 6.lu 6.85 . sS 8.99 
benefits from woodland converted tc rice land with project 
Acres converted 5203 8 8 
O 
S 
Difference in net return, $ 121*50 0 C O 
Farm drainage cost, $ 1150 « CO •H CO 
Group drainage cost, $ 627 ri 0) 1 1 Land conversion cost, # 1563 1 
O 
£ G 
Total associated cost, # 331*0 0 0 O O 
Benefit from drainage, $ . 9110 
. ;§ 
O O 
Benefit per acre drained, $ 1.75 S 
c 
0 
•H 
v> 
U 
1 
o 
o 
g 
g c O & 
•H •H CO C0 • k ; • £ fi 0 0 0 0 
0 . 0 ia; 
co co fi fi 0 O 
•H •H 
co (0 U Sh g) 0) 
> > fi fi O O O O 
O O S z 
5203 
12U50 
ii5o 
627 
1563 
33ko 
9110 
1.75 
° *A11 values are discounted to present worth. Benefits are those attributable to proposed 
projects and do not include benefits attributable to authorized projects. 
CO 
o 
o 
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JElLïSIS OF U.S.D.A. PROCEDURES FOR .EVALUATING DRAINAGE BENEFITS 
« o 
The economic evaluation of land and wéfter resources development 
projects involves a number of procedural phases: (l) Determination 
of all costs, public*and private ; (2) estimating all benefits from 
„  o  o  •  
each function of the project, to whomever they accrTe; (3) allocating 
public costs to the various functions of the project, along with a 
determination of the total cost of each function; (ii) comparing bene- • 
fits from' each function with the total cost thereof to determine 
financial feasibility of each function,; and (5) comparing total 
project benefits with total project- costs to determine economic 
feasibility of the project. The economic evaluation of drainage-
flood control projects in the Lower Mississippi River Basin, as made 
by the Corps of Engineers, extended through all' phases. The .evaluation 
of the drainage function made by the Department of Agriculture was 
limited.to the following above items : (l) Determination of all private 
and non-Federal "public" costs of drainage; and (2) "estimation of the 
net benefits accruing to the private sector from drainage. 
In order to evaluate the net benefits fro#, drainage accruing to 
. 
the private sector, the Department of Agriculture developed a set of 
procedures and guides for use in estimating development costs, normal 
farm production costs, and farm income. Jn addition, certain assump­
tions were made by the Department relative to land use, land clearing^ 
production programs, and other physical features of development which 
directly affect costs and returns «and, in turn, net benefits. 
9» 
° 80 . . 
o o 
o 
This study was concerned only with a critical analysis of the ° 
1 0 
methodology used by the Department of Agriculture to.estimate the 
net benefits from drainage accruing to the private sector. It was 
. 
.not concerned witft any of the other phases of economic evaluation, 
-
Neither was it concerned with procedures and policies of the Corps 
of Engineer? in evaluation of water resource development projects. 
The economic framework formulated in this study established the 
watershed (or sub-basin) as a firm. The relevant theory postulated 
for the watershed firm was the theory of production by farm firms 
grouped as a watershed firm. The procedures and assumptions used, by 
the Department to evaluate net drainage benefits were analyzed within 
this economic framework and in light of the relevant theory. • The pur-' 
pose of the analysis of procedures and assumptions was to determine 
whether an optimum allocation of resources within the watershed firm 
and the maximization of net benefits to the watershed firm were 
obtained in the Department's evaluation. 
Land Use and Land Clearing Assumptions 
It was assymed by- the Department, when estimating the amount of 
woodland that would be cleared without the project, that the present 
rate of land clearing would project into the future. It is question-
• 
able, however, whether"this assumption was valid. While it is true 
M^ethodology, as the tefm is used here, means assumptions on which 
the procedures were based, and the specific estimating procedures»em­
ployed. 
o 81 « 
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that land clearing has progressed at a rather rapid rate during 
the past- few years j it is also true that tht% six-year period 1950-55 
was relatively dry throughout the Lower Mississippi Hiver Basin. "Ob­
servation disclosed that in 1956 and 1957, years of above-normal pre­
cipitation. 'some of the land that had been cleared during thé previous 
six-year period was idle because of wetness. This would indicate, at 
least in parts of the Delta, that land clearing had progressed faster 
than drainage. Before it could be assumed that the rate of clearing 
for the past few years would continue unchanged, a study of progress 
in gfroup drainage facilities would be necessary, in those areas where 
drainage is necessary for newly-cleared land, to estimate the extent 
to which group drainage facilities might be available to accommodate 
the newly-cleared land. It -is improbable that farmers would continue 
to clear land for which group drainage facilities were not available. 
Exceptions might be the rice growing areas where lands are being cleared 
regardless of the existence or absence of drainage facilities. Rice 
production, however, does not require the same kind or degree of 
drainage as do other cultivated crops. Table lU presents estimates 
made by the Department of Agriculture of the amount of land to be 
drained and the amount of woodland to be cleared without the projebt 
versus with the project. An analysis was made herein of the estimates 
made by the Department for thg without-project condition. This analysis 
was made by land classes in 13 -reaches in the Boéuf-Tensas-Macon Sub-
basin. The estimates made by the Department are presented in table 15. 
Table liu Estimates of acres, of land drained and acres of woodland converted, 
with and without the project . • 
ô A zone B zone C zone 
Without project With project Without project With project Without project With project 
Acres . Acres . Acres Acres Acres Acres 
Land Acres con- Acres . corn Acres con- Acres • con- Acres con- Acres con-
class drained verted drained verted drained verted drained verted drained verted drained verted 
Arkansas 
1 1081; 5885 ' 7851 0 923 17599 38753 I5k63 0 k73 0 0 
? 737 1271 3705 0 0 368 26k6 278 0 0 0 0 
• b ' 1931 759 k823 0 0 19 303 10 0 • 0 • 0 • 0 
6 0 65U • 728 0 0 0 0 0 0 0 0 0 
Sub­
total . 37^2 _ 
_ , 
17102 0 • 
_ 221 • 17286 ki202 15751 0 k73 " 0 0 
Louisiana 
1 2329 2721 65606 k28l2 2133 513k 100lk2 102226 0 0 0 0 
2 30U0 921 26k78 3812 1637 836 21338 k263 0 0' 0 •0 
5 73kk7 526k 3k75 k7k 2519 1686 20817 6281 0- 0 • 0 0 
8 20 10 . 80 8 0 0 3kk 2kk 0 0 0 0 
9 5977 582 11930 367 69k 181 2599 392 6 0 0" 0 
10 70H2 766k 63767 27532 3081 3507 225k2 10278 0 0 0 0 
11 13519 • 2ki 0 0 ' 97 0 k02 0 • 0 0 0 0 
12 U6 0 0 0 0 Q 0 0 0 0 0 0 
Sub­
total 105k20 I7k03 171336 75.005 10161 113kk 16818k 12368k 0 0 0 •0 
' Arkansas and Louisiana 
1 3kl3 8606 • 73U57 k28l2 3o56 22733 138895 II7689 0 k73 0 0 
2 3777 2192 30183 3812 1637 . 120k 2398k k5kl 0 0 0 0 
k 1931 . 759 k823 0 0 19 303 10 • 0 0 0 0 
Î 73kk7 526k 3k75 k7k. 2519 1686- 20817 6281 0 0 0 . 0 
6 0 65k 728 0 . 0 . 0 0 0 . 0 0 0 0 
8 20 10 80 •8 0 0 3kk 2kk 0 0 . 0 p 
9 5977 582 11930 367 69k 181 2599 392 0 0 0 0 
• lO- 70U2 766k 63767 • 27532 3081 3507 225k2 10278 0 0 0 . 0 
ll 13519 2kl 0 0 97 0 k°2 0 0 • 0 0 0 
12 k6 0 0 0 0 0 0 0 • • 0 . 0 0 . 0 
Total 109172 '25972 I88kk3 75005 1108k 29330 209886 139k35 0 k73 0 0 
Table 15. U.S.D.A . estimates of acreages of land to be drained and woodland to be cleared • O 0 
without a drainage project in 13 stream reaches. • 
Soil Estimated acreage Soil Estimated acreage 
and To be. Woodland to Reach and To be Woodland to 0 
Reach zone drained be cleared zone drained be cleared * 0 0 
BM-1 1 A 108U 14-707 BR-UB 1 B 286 250 
il 2 ii 573- 95k It la" 27 ' '69 » O 
0 II k " 600 565 11 lit" 10 • 21 9 O 
II 1 B. • k88 339 ' It 2 » 26? 191 
Blt-2 1 • 923 55k6 It 5 " k62 100 O 
BM-2A 1 " 0 5935 » 5u" 90 38 
BM-2B 1 A 0 1178. II 9s". 19 10 
il 2 H . 16U 317 ft 10" 29 22 O 
il k " 1331 19k It lOu" 10 ko . 
il 6 " . 0 65k BR-5 1 B 79 231 
ii 1 B 0 l5k7 11 la" 0 50 
BM-3 % » 0 233 11 2 » 5o 100 0 O 
ii 2su" 0 10 11 5 " 199 232- 0 V? 
BR-1 1 0 llk3 ii 5u" 12 27 
il 2 " 0 133 11 9u" 7k 51 : O 
BR-1A <• 1 11 • 0 1825 11 10" 80 120 
ii 2 " 0 225 11 . 10s" 20 60 
ER-13 1 " • 0 792 11 lOu" 385 182 
ii k » . • 0 . 19 . . BC-2 1 A 20 50 0 
BR-2A-1 1 " 0 239 11 la" ' 150 100 
BR-kB 1 A 148 700 11 2 « 250 200 
0 0 
ii la" . 107 3Q0 11 5 " 300 25 z- « « 
ii lu" k 11 11 5u" 300 200 0 
il 2 » 100 216 11 9s" 1000 150 Ï 
il 5 " 21528 730 11 9su" 50 . 0-5 0 
ii °5s" 830 10 11 10" ' 0 • 6k .. 0 
il 5u". 39 3 11 ' lOu" 2780 2280 
ii 9s" . 212 • k5 11 laB 25 100 0 
il 9su" 601 112 11 5u" 300 700 O O 
ii 10" 150 I160 11 9s" ' 200 20 t-
il lOu" = . 27 50 11 10f 150 550 . 0 
ii lOsu" k66 lk7 11 lOu" • 1000 ' • . 1100 
8 11" 6836 kk 
o o 
o 
e 
su 
o 
o 
0 
Analysis of the data in table 15 showed that, at thé S percent = 
° • ° * * . 
level of significance, there was no apparent relationship between 
amount of woodland estimated,to be cleared and amount of land festimated 
"to Ids clrsinscl tient "ths o ^sct• Tiis ccnrrxij.*hsci cerrs 1.3."bl.cn cccfficicn 
for the 65 land-olass-sample analyzed was .052. This gave an empirical. 
111 value of ,ltl9 Miich is smaller than Student's *t1 value of 2.00'for 
a sample of <55 at the 5 percent level. • 
If, without the project, the amount of woodland to be cleared were 
overestimated to the extent cleared land would be left idle because of 
a lack of drainage, net benefits'would be overstated. In the evalua­
tion of land development projects wherein drainage and land clearing 
are both essential features, it is necessary that the relationship 
between the two be recognized and care be taken that they do not get 
out of proportion, although it is improbable that the two would ever 
progress ideally with respect to each other. 
Adjustment of Net Returns on Certain Land Classes 
1 
On much of the.heavy "buckshot" land in the Boeuf-Tensas-Macon 
Sub-basin (particularly on land class l) economic analyses showed that 
some crops estimated to be grown on this land gave a negative net 
return without the,project. Estimated•yields for some of the crops 
expected to be grown on this land without the project were too low 
to give a gross return sufficient to cover•operating and overhead 
1 
Land "having a very high clay content, such as Sharkey and Alli­
gator soils, are referred to locally as buckshot land. 
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costs. Since these were annual costs sand returns, it did not", 
o ° * » ° o o 
seem reasonable to the Department to expect farmers to continue pro-
e 0 
duction at a loss. Yields were such that gross returns were sufficient 
to coyer cash costs (which included all family labor and hired labor) 
but were not sufficient to cover all overhead costs. The Department 
reasoned that while farmers might produce certain crops at a loss 
temporarily ot in the very short run, in the long run such action 
would be irrational production, the reason being that resources used 
in the production of those crop's that resulted in a negative net return 
could be used more efficiently in other enterprises. Therefore, an ad­
justment was made in the analysis by the Department. In those cases 
where crops on certain lands showed a negative net return,.the net 
return was arbitrarily adjusted to zero* 
Admittedly this procedure was unorthodox. The mere fact that 
gross returns from, some of the crops grown on the heavy "buckshot" ' 
soils were insufficient to cover all costs of production should have 
indicated that improper production programs had been formulated for 
these heavy "soils. The procedure of arbitrarily erasing net losses 
expedited the analysis but seriously detracted from the objective 
character of the evaluation in not thereby improving the farm 
• • 
operators'• profit- positions. 
O 
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Drainage by Land Glasses O 
O 
° O q » 
In the standard^ established by the Department for land classi-
- - - ' ' 
fication in the*Mississippi River and Tributaries Survey," land con-- • 
sidereQ to be inherently well-drained (land classes 11 and 12) and all 
land mapped with a subscript's -(denoting slopes sufficient to provide 
•natural drainage), was to be eliminated from the drainage benefits 
analysis in the A.zone. In the-3 zone this land was included; how-
. ever, the same yields, "gross returns, costs and net returns were to 
be used in both the with- and without-project situations so that no 
benefits accrued to drainage. 
Analysis of the data presented in the Department's reports on 
the Boeuf-Tensas-Macon Sub-basin in Louisiana, nevertheless, indicated 
that this procedure was not followed consistently. The analysis made 
of land class 11 in the Louisiana portion of the sub-basin was not in 
accord'with pre-established standards. The data showed that in the 
B zone, land class 11 was drained in some cases, while in other cases 
drainage benefits accrued to this land even though none of it was 
drained, Table 11 shows that land class 11 had the highest benefit 
per acre drained of any of the land classes. 
Because such a -small portion of the total area drained comprised 
land class 11,. this discrepency would have little effect on total 
benefits from drainage in the sub-basin. If any area had a.large 
° 
portion of this land class, however, it would have the effect of 
overstating the benefits to a considerable extent. 
o 
" . 
° 67» 
Of course, it is recognized that in any area the* topography can 
• . 
be such that "pothole""fcbnditions exist to the extent that all lands 
so affected would-need drainage regardless of their natural drainage 
. 
characteristics . This coudiviun,. however, would be more likely to be 
confined to relatively small and localized areas in any sub-basin. 
Analysis of'Production Programs 
The Department developed an overall-partial budget for each land 
class in each stream reach (third-order watershed) in the sub-basin. 
Uniform costs of inputs per acre by yield levels were applied to all 
land'classes within the reach. Crop yields were estimated for each 
land class » Selections of cropping patterns used in the budget 
analyses of both the' with- and witbout-proj e c t conditions, while 
guided by rough economic principles, were primarily based on the 
judgment of individual technicians. . • 
By assumption, optimum conditions were established by the 
Department in the evaluation of drainage benefits.^ These assump­
tions (in connection with -assumed complete farm drainage systems, 
adequate major drainage outlets, technological production develops 
ments, and a relatively high level of management) all point to the 
attainment of optimum production end maximization of net farm income. 
Assumptions upon which -the procedures used for economic measure­
ment were b'ased ° included : (1) Perfect competition in commodity and 
resource markets; (2) absence* of capital rationing within the firm; 
(3) perfect knowledge; and (U),absence of uncertainty. 
o o 
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Since measurement of benefits was predicated on these optimum 
• • 
conditions, it waa reasoned in this study that the production pro­
grams used to determine net income with and without the project 
should also be optimum. To determine whether the optimum production 
program was attained with the cropping patterns used by the Depart­
ment of Agriculture, a recently developed method of economic analysis 
was employed as a check. ' This method, referred ..to as linear programming, 
can be used to determine optimum production programs with reference to 
explicitly stated resource restrictions. By linear programming it is 
possible to allocate limited resources to their most efficient use 
or uses; such an allocation results in the maximization of' profits 
(or some other quantified objective). The same result can be ob­
tained, though more tediously, by budgeting. The use of budgeting, 
howeveç, requires that a separate analysis be made of each alternative 
and possible combinations of alternatives. By linear programming it 
1 
is possible to analyze all alternatives simultaneously. 
Because of. the large number of land classes and stream reaches 
in the Boeuf-Tensas-Macon Sub-basin, the linear programming analysis • 
made in this study was confined to two classes of land (1 and IS) in 
reach T-2'of the Tensas River. 
The production programs formulated by the Department of Agri­
culture for both the with- and without-project conditions were 
based on"rotation systems that were considered to be necessary for 
1 
For a detailed treatment of linear programming as a mêthod of 
economic analysis see Earl 0. Heady and Wilfred^ Candler. Linear 
programming methods. Ames, Iowa. Iowa State College Press. 1958. 
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each particular project area under consideration. On land class 1 
in reach T-2 of the Tansas River, the cropping system for the. without-
prbject condition included corn, soybeans, oats and pasture. Cotton 
was also included in the abov$ cropping system on land class IS. The 
cropping-program for the with-project condition on both land classes 
consisted of corn,.soybeans, cotton, oats and pasture. 
The linear programming analyses made in this study assumed the 
same percentage of the area of each land class to be in oats and 
pasture as was assumed by the Department for both the with-.and 
without-project conditions. The analyses were .thus confined to 
the competitive cash crops; the same area of land estimated by the 
Department to be used for these crops was considered to be available 
for their production in the linear programming analyses. 
Available resources used for the production of the competitive 
cash crops judged by the Department to. be grown without the project 
included 1,300 acres of class 1 land, 380 acres of class IS land, 
$39,232 of cash outlay, and 12,001 hours of total labor. The resources 
used in the production program formulated by the Department were 
assumed in this study to be the maximum amounts available for use in 
the production of cash crops. In the linear programming analyses 
the same quantities, of resources were considered available.. Input-
output coefficients and prices used in the linear programming check 
were the same as those used by the Department. Relevant input-output 
data and prices used for the with- and without-project conditions are 
presented in tables„l6 and 17. Tableaus of the linear programming 
Table 16. Input-output quantities and prices used in the without-project analysis of land 
classes 1 and IS. Tensas River, reach T-2, Boeuf-Tensas-Macon Sub-basin I 
© ° 
Item 
Land class 1 Land class IS 
Corn Soybeans Cotton Com Soybeans 
Unit of production 1 acre 1 acre 1 acre 1 acre 1 acre 
Gash requirement per acre ($) 22.99 19.1*3 72.31 22.99 18.16 
Labor requirement per acre (hrs.) 6.80 U.Uo U0.70 6.80 . U.20 
° Input* coefficients : 
Land (acre) 1 1 • 1 1 1 
Cash ($) 22.99 19.1*3 72.31 22.99 18.16 
Labor (hr.) 6.80 U.Uo U0.70 • 6.80 U.20 
Gross return per acre 1*5.00 US.oo 88.29 U5.00 Uo.oo 
Net return per acrea 22.01 25.57 15.98 22.01 21.8U 
aNet return over variable costs. 
Table 17. Input-output quantities and prices used in the with-project analysis of land 
classes 1 and IS. Tensas River, reach T-2, Boeuf-Tensas-Macon Sub-basiii. 
Land class 1 Land class IE'» 
"Item Cotton Corn Soybeans Cotton Corn Soybeans 
Unit of,, production 1 acre 1 acre 1 acre • 1 acre 1 acre 1 acre 
Cash requirement per acre ($) 93.90 31.U* 25.81 91.98 31.1U 26.U5 . 
Labor requirement per acre (hrs.) U6.31 8.52 5.36 U6.3U 8.52 £.1*6 
Input coefficients : 
Land (acre) 1 1 1 1 1 1 
Cash ($) 93.90 31.1U 25.81 91.98 30.U6 26. U5 
Labor (hr.) U6.81 8.52 5.36 . U6.3U 8.52 5*1*6 
'Gross return per acre 127.87 69.00 70.00 12U.82 69.00 72.50 
Net return per, acrea 33.97 . 37.86 UU.19 32.8U 37.86 U6.05 
aNet return over variable costs. 
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analyses for*the without-project ana with-project conditions are pre-
\ 
sented in tables 18 and 19, respectively. 0 
. The objective of linear programmihg is to specify the combination 
of enterprises that will maximize profit with, respect to the quantities .. 
of resources available to the firm. In a linear programming analysis, 
successive production plans are analyzed until there is no further possi­
bility of increasing profit by adding another enterprise or by substi- . 
tuting among enterprises. In the programming tableau presented in table 
18, "c" represents the net returns shown in table 16; "z" represents 
the net cost of adding a unit of activity; and "z-c!1 represents the net 
cost minus the net price of the unit of .activity. .The "z-c" row in each 
production plan in the tableau is thus the opportunity cost of not add­
ing additional units of activities. As long as "z-c" is négative for 
any activity, profit can be increased by including that activity in 
the production plan. ' When the optimum production plan has been attained, 
the "z-c" row will be non-negative for all activities and there is no 
further possibility of increasing profit to the firm. 
In the budgeting analysis made by the Department of Agriculture, 
fixed costs were put on a per-acre'basis and varied according to yield 
level. This in effect made all fixed costs variable costs since a 
firm producing at a lower level of production would have a lower fixed 
cost with the same plant and equipment. When overhead costs are 
. • 
. 
allocated to specific enterprises on the basis of the ratio between 
the variable costs for the enterprise and the total variable cost for 
the firm, fixed costs would change when the production program was 
91b 
e 
o 
altered and crops were grown in different pr< portions. In order to 
assure that the fjjcdti. costs associated with the specified crops con- 0 
O 
templated to be grown would not be "Varied, those fjxed costs which were 
not subject to change with changes in the cropping pattern were held 
constant in the linear programming. The fixed costs used in the linear, 
programming were those allocated to the specific enterprises by the = 
Department. They are shown in the last row in the P column in the 
0 
final production plan in the tableau and are subtracted from the net 
"return over variable (cash) costs' to derive net income from the optimum 
production plan, 
A comparison of the.production program formulated by the Department 
with that developed through linear programming for the without-project 
condition is shown in table 20. Comparisons indicated that the Depart­
ment's program fell about #2,6L9 short of the maximum net return of 
$32,001 hypothetically obtained by optimally allocating the same resources 
using linear programming principles. The difference amounted to about 
$1.58 per acre of total land within both classes. The production, pro­
gram formulated by linear programming for the without-project condition 
used the same amount of land as the program formulated.by the Department 
of Agriculture; however, $5,237 less cash outlay and 3,697 hours less 
of total labor yrere required than that estimated by the Department. 
A similar"comparison of production programs with the drainage 
project is presented in taille* 21. The comparison indicated that the 
Department's program yielded a maximum net return of aTaout $2^,^90 less 
than that hypothetiçally obtained through linear programming. The 
O o C 
difference amounted to about #2.89 per acre of total land within the 
° o 
two classes. 
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Table 18. Linear programming by simplex method for five activities and four limitational 
resources for the without-project condition. Tensas River, reach T-2. 
Real activities * 
Gorn Soybeans Cotton Corn Soybeans 
Disposal activities on on ' on on on 
;Vector Supply o Land Land land land land land land 
• o or class class Cash Labor class class class class class R 
remainder 1 IS 1 1 • IS IS 15 
PO P6 P7 P8 P9 PI P2 T? P4 P? 
First matrix t 
: P6 1300 1 0 0 0 1 1 0 s 0 0 1300 
: P7 380 0 1 0 0 0 0 . 1 : 1 .1 
i P8 39232 » 0 0 1 0 22.99 19.43 72.31 : 22.99 18.16 2019 
: P9 12001 0 0 0 1 6.8 4.4 40.7 6.8 4.2 2727 
: z 0 0 0 0 0 0 0 0 0 0 
: z-c 0 0 0 0 0 . -22.01 -25.57 -15^8 -22.01 -21.84 
Second matrix 
: P2 1300 1 0 ' 0 0 1 1 0 0 0 
: P7 380 0 1 0 0 0 0 . 1 1 1 380 
i P8 13973 -19.43 0 . 1 0 3.56 0 72.31 22.99 18.16 608 
: ?9 6281 -4.4 0 0 1 2.4 0 40.7 6.8 4.2 924 
: z ° 3321a 0 0 0 0 • 25.57 25.57 0 0 0 
: z-c 
_^32ia _ 25.57 0 0 0 .l-l6 0 -15.98 -22.01 -21.84 
• Third matrix 1 
: P2 1300 1 0 0 0 1 1 0 0 0 
: Pli 380 0 1 0 0 0 0 1 1 1 
: ?8 5237 -19.43 -22.99 1 0 3.56 0 49.32 ° 0 -4.83 
: P9 3697 —h*h —6*8 0 1 2.4 0 33.9 0 —2.6 
: z ltl605 0 0 0 0 • 25.57 25.57 0 22.01 0 
: f-c U1605 25.57 22.01 0 0 _146 0 6.02.. 0 0/17 
«Fixed costs 9604 
INet return 32001 
Table 19. Linear programming by simplex method for six activities and four limitational 
" resources for the with-project condition. Tensas River, reach T-2. 
Real activities 
Cotton Corn Soybeans Cotton Corn Soyi^eans 
Disposal activities on on on on on » on 
iVector Supply Land : Land :. land land land land land land R 
or class class :Cash Labor & class class class class class class O 
remainder 1 15 s $ 1 1 1 IS IS IS 
P0 P7 PB : P9 P10 : PI P2 P3 Pli P5 P6 
: First matrix 
1 o P7 7250 1 0: 0 O i l  1 1 0 0 0 * 
; P8 1225 0 l; 0 0 0 0 0 1 1 1 1225 
: P9 286U25 0 . 0: 1 0 93.90 3l.lL 25.81 91.98 31.1b 26.U5 10829 
: P10 86277 0 0: 0 1 U6.81 8.52 ' 5.36 1*6.3 U 8.52 5.U6 15802 
: 2 0 0 0: 0 0 0 0 0 0 0 0' 
: z-c _ 0 0 0j_ _0_ 0 = -33.97 -17^86 
_~17.2.86 _-U6_.0£ 
: Second rnatr: LX 
! P7 7250 1 0: 0 0 1 1 1 0 0 • 0 7250 
: P6 1225 0 1: 0 0 0 0 0 1 1 1 
: P9 25U02U 0 -26.U5V 1 0 93.90 31.1U 25.81 65.53 U.69 0 98U2 
» P10 79589 0 —5 »U6• 0 1 U6.81 8.52 5.36 ko.88 3.06 0 1U8U9 
: z 561*11 0 U6.05: 0 0 0 0 0 46.05 U6.05: US.05 
: z-c _ 56101 0 0± _0_ 0 _~13.97 -17.86 -11.21 -8.12 _ _ _ 0 . 
: Third matrix 
• P3 7250 1 0: 0 0 : 1 1 l 0 0 0 
'• P6 1225 0: 1: 0 0 • 0 0 0 1 1 1 
• P9 66902 -25.81 -26.U5: 1 0 68.09 5.33 0 65.53 u.69 0 
: P10 U0729 -5.36 -5.U6:, 0 1 U1.U5 3.16 0 ko.88 3.06 0 
: a 376789 UU.19 U6.05: 0 0 UU.19 UU.19 UU.19 I46.05 U6.05 U6.05 
Î z-c 376789 0 0: 0 0 10.22 6^1 0 ' 11.21 8.12 0 6 
:Fixed costs 68035 ! • 
:Net return 30875U : 
o 
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Table 20. Comparison of production programs without a project on 
land classes 1 and IS, Tensas River, reach T-2 ° 
Crop Acres 
value ci : 
produc- î-
tion : 
Cost of production 
Variable Fixed Total 
Net 
return 
U. S. Department of Agriculture 
Land class 1 * 
Corn 600 $27,000 
Soybeans 700 13,500' 
Subtotal . 1,300 58,500 
Land class 15 
.$13,79k #3,492 
13,601 3,512 
27,395 7,034 
Cotton • 80 7,0o6 
Corn 125 5,625 
Soybeans 175 7%000 
Subtotal 380 19,691 
Total, both classes 1,680 78,191 * 39,232 9,604 
5,785 
2,874 
3,178 
11,837 
1,048 
727 
795 
2,57 0 
#17,286 
17,143 
• 34,429 
6,833 
3,601 
3,973 
14,407 
43^826 
Regults of linear programing 
1,300 • 5a,500 25,259 
Land' class 1 
Soybeans 
Land class IS 
Com . 380 17,100 • 8,736 a 
Total, both classes 1,680 75,600 33,995 9,604 43,359 
5 9,714 
14,357 
24,071 
233 
2,024 
3,027 
5,2gl 
29a3%2_ 
33,241 
8,364% 
32,001° 
^Fixed costs not allocated to enterprises in linear programming. 
^Net income over variable costs. 
cNet income over total costs. 
O 
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Table 21. Comparison of production programs with a project on 
land classes 1 and IS. Tensas River, reach T-2 
ui-op 
Value of: 
produc- : 
tibn : 
Cost of production cq 
Variable Fixed Total 
Net 
return 
U. S. Department of Agriculture 
Land class 1 
Cotton 
Corn 
Soybeans 
Subtotal 
Land class IS 
Cotton 
Corn 
Soybeans_ 
Subtotal 
Total, both classes 
700 $ 89,538 S 65,730 $14,917 
.2,050 141,450 63,837 18,409 
4,5oo 315,000 116,145 25,110 
7,250 545,988 245,712 58,436 
100 12,846 9,198 2,047 
375 ' 25,875 11,677 3,367 
750 54,375 19,838 4,185 
1,225 92,736 40,713 9,599 
_8j475_ _6l8i724_ 286,42% _ 68^_ 
$ 80,647 $ 8,891 
82,246 „ 59,204 
141,255 173,745 
304,148 241,840 
11,245 l,24l 
15,044 10,831 
24,023 30,352 
50,312 42,424 
_3£4A460_ 2%,26^ 
Results of linear programming 
Land class 1 , 
Soybeans 7,250 $507,500 *167,122 a - 320,378° 
Land class IS ' . 
Soybeans 1,225 88,812 32,401 a - 56,4ll 
Total, both classes 8,475 596,312 219,523 68,035 287,558 308,754° 
^Fixed copts not allocated to enterprises in linear programming 
Net income over variable costs. 
CNet income over total costs. 
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The production program formulated by linear programming for the 
.3 e 0 
with-project condition used the same amount of land as the program form­
ulated by the Department. That formulated by linear programming, how­
ever, used $66,902 less Si cash outlay and 40,729 hours less of total 
( a  ' ° c 
labor. The amounts of resources estimated to be available -and the 
amounts of resources used by the two programs for both the with- and 
• o 
' without-project conditions are shown instable 22. 
o 0 
Jable 22. Estimated amounts of resources available and amounts of 
resources used in production programs formulated by the 
Department of Agriculture and by linear programming. 
U.S.D.A. Linear pr ogramming 
Amount Amount Arnoi: Amount , Amount Amount m unt 
Resource available used unused available used unused 
With project 
Land class 1 72# 7250 0 7250 '7250 0 
Land class IS 1225 1225 0 1225 1225 0 . 
Cash 286425 286425 0 286425- 219523 66902 
Labor 86277 86277 0 86277_ _ 45548 _ _ 40729 _ 
Without project 
Land class 1 1300 1300 0 1300 1300 0 
Land class IS 380 380 0' 380 ' 380 0 • 
Cash 39232 39232 0 39232 33995 5237 
Labor 12001 12001 0 12001 ' 8304 3697 
The difference in- net return from cash crops with and without the 
project as estimated by the Department of Agriculture for the sample 
area -was*$254,912: The difference in net return as estimated by linear 
programming was #276,753, an increase of 9 percent pver the Department 
estimate. e 
With reference to the "foregoing comparisons, it would be possible, 
assuming independence, to increase net returns on the_tvro land classes 
by $2,649 through a simple reallocation of currently used resources 
without any drainage improvements. Such a reallocation might necessarily 
O 
be complementary with drainage, however. In the ^ Latter case, a maximum 
o o 
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increase in net returns of $279,402 from the drainage project might be 
taken as the difference between net returns of $308,754 for the program 
O 
(with drainageJ) derived through linear programming and $29,352 for the 
program (without drainage) formulated by the Department. The correspond-
ing estimate of minimum increase in net return of $254,912 from -yie * 
. e 
drainage project would be the difference between net returns of $284,264 
for the program (with drainage) formulated by the Department and $29,352 
for the program (without drainage), also as formulated by the Department. 
It was not assumed in this study that the amounts of resources 
used in the Department's estimated production programs were the total 
amounts of these resources available. Not all of the resources available 
may have been used in. the production programs. However, it was assumed 
that all of the resources used in the Department's estimated programs 
were available for use in the linear programming analyses. 
The difference in annual net benefit per acre of open cropland 
between the two methods of. estimating net return was $1.04 as shown 
in table 23. 
Table 23. Difference in net benefit per acre of open cropland be-
tween alternative methods of estimating net return. 
U.S.D.A. budget Linear 
' Item analysis programming 
Net return per acre with project® '$33.54 •> $36.43 
Net return per acre without project 17c47 19.05 
Increase in net return " 16,07 17.38 
Annual equivalent farm drainage cost 4.21. 4.21 
Gross benefit per acre 11,86 c 13.17 
Net benefit per acre (di%counted)^ 9.40 10,44 
- ~ • " ~ 'e S ~ " • ' " " 
o 
aFarm drainage costs and increases in net returns are discounted 
by the same amount. No group drainage costs are involved in reach T-2, 
Results of the analyses summarized in table 20 pertain only 
to that land in ©lasses 1 and IS that was estimated to be used for 
open cropland without the project. Furthermore, they pertain only 
to that open cropland used for the production of competitive cash 
crops. The same results would not apply to land estimated to be 
in woods without the project and anticipated to be cleared land used 
for production of cash crops with the project. The difference in annual 
net benefit per acre of woodland converted to open land cash crop pro­
duction between the two methods was estimated to be $2.28, as shown 
in table 24. 
Table 24. Difference in net benefit per acre between alternative 
methods of estimating net return per acre of woodland-
converted. 
u.s .D.A. budget Linear 
Item analysis programming 
Net return per acre with project #33.24 $36.43 
Net return per acre without project 2.88 2.88 
Increase in net return 30.66 : 33.55 
Annual equivalent farm drainage cost 4.21 • 4,21 
Annual equivalent conversion cost 3.42 3.42 
Total annual equivalent associated cost 7*63 7.63 
Gross benefit per acre 23.03 ' 25.92 
Net annual benefit per acre 
(discounted)3- 18.26 20.54 
aFarm drainage cost, land conversion cost, and net return are dis­
counted by the same amount. No group drainage costs are involved in 
reach T-2. 
!i 
Analysis of the results of the two methods of estimating net farm 
income showed a difference of $17,240 in total discounted net annual o 
0 
benefits in the sample area studied. Of this, Si,747 was from land 
o 
O O 
o 
O 
ce ° 99 
that was estimated8 €o° be used for open ^and cash crops both wibh and 
» 
without the project; $15,493 was from land estimated to be in woods 
without the project but used fdt open land cash crops with the project. 
O 
The production programs for- both the with- and without-project 
conditions formulated by the Department resulted from an assumed 
cropping combination. As no attempt was made by the Department to 
C  
ascertain the extent to which the quantity, of each of the resources 
required for the production programs might be available, it -pas -
necessary to assume that all resources would be available in' 
quantities sufficient to carry out the programs. If anything 
•less than the assumed quantity of all resources required for the 
production program should be available for either the with-project 
or without-project condition, the program would be infeasible. 
This method of estimating net income with and without a project • 
installed, upon which net drainage benefits are determined, appears 
questionable. With the procedures used by the Department, realiza­
tion of net drainage benefits is as much a function of the avail­
ability of capital (at the same level of risk) and of management 
as it is of physical drainage of the land. It is implicit in the 
COo O 
0 e % 
0 » 100 
o % 8 
o 
methodology used by the Department that the mere accomplishment of 
# # 
drainage changes (by*some means or other) the institutional 
characteristics of the area drained. It is open to question whether 
•O 
drainage would result in a much higher level of farm management, in 
the availability of addicional capital, or in operations of financial 
institutions in the area. 
•o 
Using the same input-output data per acre by land classes and 
the same prices as used b$r the Department, a linear programming 
analysis was made in this study to determine the difference in pro­
duction programs and in total net income when the quantities of 
cash and labor, assumed by the Department to be available, were 
reduced by 25 percent.• Tableaus of the linear programming analysis 
for the with-project and without-project conditions under this situ­
ation are presented in tables 25 and 26 respectively. 
A comparison of net returns from the without-project production 
programs using different quantities of cash and labor resources, 
shojpred that if these resources were reduced by 25 percent, net 
returns would be reduced by lU percent. A reduction of 25 percent 
in cash caused a shortage of cash necessitating the leaving 
of 200 acres of class IS land idle. Reducing labor by 25 percent 
O o 
did not restrict production. 
A comparison of net returns from the production programs with 
the project using differentequantities of cash and «labor resources 
o 
o 
Table 25* Linear programming by simplex method for five activities and four limitational 
resources for the without-project condition. Tensas River, reach T-2. 
Real activities : 
Corn iSoybeans Cotton Corn Soybeans : 
Disposal activities . on : on on on on 
Vector Supply Land Land land s land land land land R 
or class class Cash Labor class class class class class 
z remainder 1 1 1 1 IS IS IS 
P0 P6 P7 PB P9 PI . P2 P3 P4 P5 O 
irst matrix 
P6 1300 1 0 0 0 1: 1 0 0 0 1300 
P7 . 380 0 1 0 0 0: 0 . 1 1 ]. 
P8 29400 0 0 1 0 22.99: 19.43 72*31 22**99 18.16 1.513 
P 9 9000 0 0 0 1 6.8 4.4 40.7 6.6 4.2 „ .J045 
6 Z 0 0 0 0 0 0: 0 0 0 0 
z-c 0 0 0 0 0 -22.01: -25.57 -15.98 -22.01 -21.84 
° Second matrix * 
P2 1300 1 0 0 0 1 l 0 0 0 
P7 380 0 . 1 0 0 0 . 0 . 1 1 1 380 
P8 4i4i -19.43 0 1 0 3.56 0 72.31 22.99 18.16 180 
P9 3280 -4*4 0 0 1 2.4 0 40.7 6.8 4.2 781 
z 33241 25*57 0 0 0 25.57 25*57 0 0 0 
z-c 33241 0 0 Q, 0 3.56 0 -15.98 -22.01 -21.84 
Third matrix 
P2 1300 1 0 0 0 1 1 0 0 0 
P7 200 0 1 0 0 0 0 1 1 
PU 180 -19.43 -22.99 1 0 3*56 0 49.32 0 -4*93 
P9 2056 -4.4 -6.8 0 1 2.4 0 33*9 0 -2.6 
B 37203 25.57 22.01 22.01 0 25.57 25*57 22*01 22,01 0 
z-c 37203 0 0 0 0 3.56 0 6.03 0 0*1? 
FixeH costs 9^011 
Net return 27599 : 
o 
e 
6 o» 
Table 26. Linear programming by simplex method for six activities and four limitational 
resources for the with-project condition. Tensas River, reach T-2. 
Real activities 
- : Cotton: Corn Soybeans Cotton Corn Soybeans 
Disposal activities : on on on on on °on 
: Vector Supply Land Land : land : land land land land land' 
or class Class (iash Labor: class : class class class claës class R : 
3 remainder 1 IS : " 1 : 1 1 IS IS 15 
o PO P7 PB P? P10 : PI P2 P3 P4 P5 P6 * • 
• First matrix 
: P7 7250 1 0 0 0 : l: 1 1 0 0 0 
: P8 1225 0 1 0 0 : 0: 0 o • 1 l 1 1225: 
: P9 214819 0 0 1 0 : 93.90: 31.14* 25.81 91.98 31.14 26.45 8122: 
: F10 64706 G 0 0 1 : 46.81: 8.521 5.36 46.34 8.52: 5.46 11851: 
: z 0 0 0 0 0 : 0: 0 0 0 0 0 
: z-c 0 0 0 0 
_P : =31.27 J ,-17*86 
_-WW2 -32.84. _-3.7i.86 _-46iP£ , 
Second matrix 
: P7 7250 1 0 0 0 : is 1 i 0 0 0 7250; 
: P6 1225 0 1 0 0 : 0: •0 • 0 . 1 l 1 
: P9 182418 0 -26.45 1 0 : 93.9Q: 31.14 25.61 65.53 4.69 0 7068: 
: P10 58020 0 -5*46 0 1 : 46.81: 8.52 5.36 40.88 3.06 0 10825J 
: z 56411 0 46.05 0 0 : 0 0 0 46.05 46.05 46.05 
i z-c 56411 0 0 0 0 : -13x92^=32.86. =%.19_ _ 13*21 _ 8.19. 0_ 
Third matrix 
: P7 182 1 1.02 —»o4 0 : -2.64 -.21 0 -2.10 —.18 0 
: P6 1225 0 1 0 0 : 0 0 0 1 1 1 
: P3 7068 0 -1.02 .04 0 : 3.64 1.21 1 2.10 .18 0 
: P10 20136 0 .01 -.21 1 : 27.30 2.03 0 29.62 3.73 0 
! Z 368746 0 0.98 1.77 0 : ld0.85 53.47 44.19 13&.85 54.00 46.05 
z-c 268746 0 _ 0.28 
_1>72 _ 0 _:_126a88 _15.61 0 _106_.01 _16.14_ 0 
>: Fixed costs 68035 
:Net return 300711 8 
o 9 
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showed that if cash and labor were reduced by 2$ percent, jaet return 
C 
would be reduced by about 3 percent. Again, cash was the restricting 
resource, necessitating the leaving of 182 acres of class 1 land idle. 
e 
All production programs formulated by linear programming for the 
O 
with-project condition in this study resulted in a single-crop (soybeans) 
O 
program. This was because with the project soybeans have a considerably 
e * 
lower cash and labor input requirement per acre and a higher gross value 
per acre relative to other cash crops, factors which contribute to a 
o 
comparatively high net return per acre." The economic position of 
cotton appears to be particularly unfavorable, while that of soybeans 
appears to be particularly favorable on both classes of land. „ 
° » 
o 
The linear programming analyses presented are not intended to 
imply that the crops grown in the distributions shown in tables 20 
and 21 would be-the ''production program followed by the participants 
having land classes 1 and IB in this reach. Nor is it inferred fchat 
the difference in benefits would be the absolute values actually 
. 
0 
attainable. These are the results of the"linear programming analyses, 
given the input-output data and the price-cost relationships used by 
the Department. The procedure merely suggests a"method of benefit 
measurement that is designed to eliminate, as nearly as possible, 
errors due to judgment, prejudice or bias. 
O 
Comparison of the two methods suggests the possibility that 
net benefits from drainage were underestimated in"this particular 
o 
o 
8° 
e 
o 
O 
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example by using the budget method. By using the same amounts of 
resources as used by the Department, linear programming would give 
the same production pattern regardless of who made the analysis. In 
other words, linear programming has the advantage of being a rational 
6 • 
approach to estimating the most efficient use to be «made of production 
Resources. This procedure provides a basis of control in benefit 
analysis that diminishes the possibility of attaining a different bene- 0 
fit if crops are indiscriminately shifted in the production program. 
e e 
The difference in the discounted value of net benefits per acre 
between the two methods of analysis as presented here cannot be con­
sidered as significant in terms of the total sub-project. The same 
difference may neither be true for all classes of land within the same 
reach, nor,for all classes 1 and IS land in different reaches. It may 
be t^at other land classes ip reach T-2, or land classes 1 and IS in any 
other reach, would not give the same result. Before it could be stated 
conclusively that net drainage benefits were underestimated by the Depart­
ment of Agriculture, it would be necessary to make analyses of other 
land classes in the same reach and land classes in other reaches of the 
same sub-project. 
The evidence presented strongly suggests, however, that the pro­
cedures used by the Department did not result in the attainment of 
the eptimum production program. It also suggests that resources used 
o 
in the production program formulated by the Department were not used 
in the most efficient manner. 
(© 
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CONCLUSIONS, LIMITATIONS AND RECOMMENDATIONS 
The division of labor between agencies in the analysis of water­
shed development projects presents no obstacles to ag appropriate and 
accurate economic evaluation if the projects have "been properly formu-
O 
^.ated and evaluated within the appropriate economic framework. The 
aggregation of separate functions evaluated independently by different 
<D 
agencies could be expected to result in an accurate appraisal of an 
overall project only^ if all functions were evaluated under the same 
valid assumptions and proper economic principles. If the objectives 
of the overall evaluation (from the public point of view) were to 
(1) make the most efficient use of limited resources used by the 
project, and (2) develop the project to the point where marginal 
project cost equals marginal project benefit, the evaluation made 
of any separate function (from the private point of view) should be 
made°with the same objectives in mind. Proper application of marginal 
analysis can indicate the most efficient use of limited resources re­
quired to achieve a maximum of net benefits» 
It was found in this study that in the evaluation of the drain­
age function made by the Department of Agriculture on land classes 1 
and IS in reach T-2 of the Tensas River in the Boeuf-Tensas-Macon 
O 
Sub-basin of the Lower Mississippi River Basin, net benefits were not 
O o o 
maximized. The procedures used by the Department to estimate net 
income with and then without a drainage project did not provide for 
an allocation of production resources that would result in maximum 
a 
net benefit from drainage. Because of this, the overall project 
106 
evaluation would probably have resulted in something other than maxi­
mum net benefits - unless the drainage analysis submitted to the Corps 
of Engineers by the Department were appropriately corrected by the 
Engineers. 
This study showed that a significant difference in estimated 
net agricultural income would result from application of the budget 
method used by the Department versus linear programming. The two 
methods of analysis would also result inJsignificantly different pro­
duction programs. 
The foregoing differences might be explained by the fact that 
the budget method used by the Department began with an estimate of the 
cropping pattern on each class of land. Operating capital and labor 
inputs required for production were assumed by the Department to vary 
directly with crop yields. The input requirements were lumped by the 
Department into a total cost per acre by yield level. In the linear 
programming analysis applied as a gheck on the budget method, lando 
O 
(by classes), capital and labor were considered as resources that 
might be restricting. But limiting the disposal activities to only 
three resources for each land class may have defined the linear pro-
O 
gramming problem too narrowly for it to be considered as a valid 
check» 
On the other hand, it might be argued that, because the same 
quantities of resources were used in both methods of analysis, linear 
programming was a valid check on the budget method. In this case it 
o 
could be concluded that the method used by the Department did not 
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result in the most efficient use of resources and that net benefits 
were underestimated. The results obtained in this study, however, 
suggest that insufficient data were available for linear programming 
comparisons to warrant this conclusion. Data required for a"more 
reliable estimate of net benefits by linear programming would include 
(9 
capital inputs and other inputs stratified by monthly or quarterly 
amounts. 
Linear programming as the analytical method used in this sfbudy 
was also extremely limited in its range of possible cropping after-
natives . Used as an analytical procedure, it could be expected to 
give more reliable results if more labor restraints were imposed. i<> 
This would be a more appropriate check on Department procedures and 
would doubtless result in a more reliable indication of optimum 
resource allocation. 
This study raises the serious question whether the methodology 
conventionally used to determine net benefits from watershed develop-
,0 
ment is adequate. The budget method commonly used to estimate net 
income with and without a project, from, which net benefits are deter­
mined, does not necessarily assure efficient resource use or maximiza­
tion of net benefits."*" The possibility of using such other procedures 
(O 
as linear programming to strengthen methods currently used for measuring 
^"Even if an acceptable budgeting procedure were used, maximiza-o 
tion of net income could be assured by the method only if all alter­
natives were analyzed. 
o 
0 
c ° 
o 
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project benefits should not be overlooked. 
The procedures used by the Department in its benefit analysis 
O 
resulted in an economic reorganization of the watershed firm with the 
project. This reorganization would require increased quantities of 
cash and labor resources. In making the analysis the Department 
assumed, however,^that the amounts of resources necessary to meet 
these increased requirements would be available. Because the net 
benefits estimated by the Department would depend on these quantities 
of resources being available to the watershed firm, at specified 
prices, the production programs estimated by the Department would 
not be feasible if the necessary amounts of resources were not avail­
able. Any reduction in availability of amounts of resources would 
(O 
thereby affect not only the production programs but also net benefits. 
The second linear programming analysis, in which cash and labor 
resources were reduced by 25 percent, showed that net returns without 
the project would be reduced by 14 percent. Because of a shortage (6 
of cash it would be necessary to leave 200 acres of land idle, 
out of a total of 1,680 acres. When the same analysis was ,0 
made of the with-project condition, applying the same 25-percent 
reduction in cash and labor, net returns were reduced by about 
3 percent. Cash was again the restricting resource; labor did 
not restrict production in either the with-project or without-
o 
project condition. In the with-project condition, 182 acres of land 
would be left idle out of a total of 8,475 acres - because of cash 
limitations. These analyses strongly indicate the desirability of ° 
109 o 
using available resource quantities rather than an assumed cropping^ 
pattern as the basis of net benefit determination. 0 
© 
It is suggested that linear programming be used both as (1) a 
problem-solving technique for determining optimum production pro­
grams, given alternative production activities, input-outpul^ co­
efficients and resource restrictions, and (2) as an analytical 
© 
device for appraising the profitability of production programs 
formulated by other methods. But application of linear programming 
to watershed evaluations should take into consideration the refine­
ments pointed out in the preceding discussion. 
It has also been shown that, in the evaluatior? of the without-
o 
project condition made by the Department, some crops gave a negative 
net return on certain classes of land. It was also found that wood­
land conversions estimated for certain land classes were uneconomic. 
It is thus suggested that the procedures used in the economic évalua-
tion of development projects include economic checks on the profit­
ability of anticipated practices; the checks should be made at various 
stages in the evaluation process. Such procedures require thorough 
understanding of the engineering, economic and physical principles 
involved and a working liaison among workers and agencies familiar 
9 
with these principles. 
o 
Q O 
O 
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